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SECTION I

ADAPTION OF THE SAP 1V 1 COMPUTER CODE
TO THE AIRCRAFT SHELTER ANALYSIS PROGRAM

INTRODUCTION

1. GENERAL BACKGROUND

The United States A ir Force must continually develop and improve
shel ters and shelter systems for the protection of aircraft. These
protective facilities must function satisfactorily under a number of
external env ironments, the worst of whi ch is weapon-induced structural
loading. Efficient design and evaluation of protective shel ters for a
variety of static and dynami c loads necessitates use of advanced com-
puter techniques . Such computer analyses must be capable of determining
the linear response of structures with geometrical configurations typical
of aircraft shel ter components.

2. OBJECTIVE AND SCOPE OF STUDY

This study was to select an existing computer code based upon the
finite element method of structural analysis and to revise this code to
enab le the A ir Force to effec tively analyze shel ter develo pment. The
ability of the code to predict the linear response of shell and folded
pl ate structures subjected to arbitrary static and dynami c loading
conditions was of primary importance.

The scope of this effort as outl i ned in the technical directive was
limi ted to the modification of an existing computer program to obtain a
code with the following characteristics :

Elements to be included in the finite element approach :

a. A plate finite element.

b. A shallow or semi-thick shel l finite element.

c. Beam—columns and plate or shell stiffeners.

• 1. Bathe, K. J. ; Wilson , E. D. ; Peterson , F. E., SAP IV - A STRUCTURAL
ANALYSIS PROGRAM FOR STATIC AND DYNAMIC RESPONSE OF LINEAR SYSTEMS,
Earthquake Engineering Research Center, Report No. EERC-73-ll , June
1973, Revised Apri l 1974, Colle ge of Engineer ing, Berkeley, California.
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Materials to be modeled (treated as linear ly elas tic) :

a. Reinforced concrete (cracked or uncracked).

b. Pla in concrete.

c. Structural steel (including cold rolled corrugated steel).

The nodal boundary restraint options :

a. Ax ial.

b . Lateral.

c. Moment resis ting.

d. Vari able torsional stiffness (i.e., end wall simulation).

Typical i nput parameters (free format preferred ) :

a. Geometri cal shape.

b. Material properties.

c. Static loading conditions.

d. Dynamic load versus histori es.

e. Ou tput control indicators .

Output data:

a. Displacemen ts.

b. Reac tions at boundar ies.

c. Stress/strai n.

d. Principal stress/strain.

e. Displacement/stress versus time histories.

A plot capability of input and output data was required.

Al though some portions of the code were rewritten, the purpose was
not to develop a completely new algori thm or program , or to test physical
models. The effort was l imi ted to analyti cal modeling.

2
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The approach to the modificati on of the code was as follows :

a. A hierarchy of problems to be sequentially addressed and sol ved
by the computer code i~,hile the final code was being developed was formu-la ted and submitted for approval.

b. Concurrently, existing codes were reviewed and a code was selected
based on technical requirements of this project.

• c. The selected code was modified as necessary and the selected
problems were solved by us ing the revi sed code.

This report describes the formulation of the program and validation
of the analytical technique.

F
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SECTION II

SELECTION AND USE OF A COMPUTER CODE

1 . SELECTION OF A COMPUTER CODE

Severa l computer codes incorporating many of the features requi red
for this project were considered. Codes such as ANSYS and MARC were
quickly eliminated because they contained the ability to handle nonlinear
material and geometric relations which was not required. In addition ,
these codes have proprietary restrictions whi ch render them-unavailable
for scruti ny and modifications. The proprietary restraint also applies
to STARDYNE , wh i ch otherwise would have been an excellent possibility .
Other codes were rejected because of insufficient documentation or lack
of verification.

• Two codes, NASTRAN2 and SAP IV , were reviewed in some detail. It
was recommended that SAP IV be adopted as the basic source code for the
followi ng reasons:

a. The code contained a large number of features which fulfilled
technical requirements of the project.

b. The code had been used for a suffi cient period of time to detect
and correct the major errors. On the other hand , the code does contain
some of the latest advances in finite element theory and time integration
schemes.

c. The code is documented, open, and available for modifications .

d. NASTRAN also contains many of the same capabiliti es as SAP IV ,
but it permits nonlinear analyses. This latter feature greatly adds to
the complexity of the code, making it more diffi cult to modify . Also ,
the generalized nature of NASTRAN results in the need for more computer
time and storage than that required for the same problem run wi th the
use of SAP IV .

2. THE USE OF SAP IV

A version of SAP IV prepared by Wright Patterson AFB was obtained
and instal led, and initi al problems were run with very little diffi-
culty . Other than the usual problems associated with interpreting

2. NASA SP-223,THE NASTRAN PROGRAMMER ’S MANUAL , Douglas , F., Editor ,
National Aeronautics and Space Administration , Wash ington, D. C. 1970.

4
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statements ‘In a user ’s manual , no difficulties were encountered. The
code performed efficiently and the results compared quite favorably with
classical results for certain specifi c test problems . Furthermore, on

• the basis of numerical experimentation , it was found that the modal
solution technique for dynamic problems appeared to be much more effi-
cient than the direct integrati on method.

A set of illustrative problems was chosen to exercise the various
features of SAP IV that were of primary interest in this study. In
particular , the static and dynamic integration routines were to be used
on probl ems utilizing beam, plate, and thick shel l elements only. The
complexity of these problems ranged from simple beams and plates to
structures such as aircraft shel ters and doors . The descri ption of the
prob lems, together with selected results, is given in a later section.

When SAP IV was chosen , it was clear that certain modifi cations and
additions would be necessary to meet the technical requirements of this
project. Additional items became apparent with the effort associated
with obtaining solutions to the set of illustrative problems . The tasks
that had to be addressed consisted of the following:

a. Since SAP IV is based entirely on linear theory, a systematic
approach for analyzing reinforced or plain concrete members was not con-
tained in the SAP IV User ’s Manual. A procedure for computing equivalent
properties for concrete beams , pl ates, or shells was required.

b. The i nput format for SAP~V Is very rigid with such anomalies as
blank cards from time to time to denote zero values , the end of a section
of input data , and problem termination . For the beginning user , such
rules can be very time consuming . Consequently, the need for a free
format input program was quite evident.

c. SAP IV did not contain a subroutine for computing principal
stresses and strains. This subroutine is a desirable feature for deter-
mining the possibility of failure.

d. SAP IV did not contain a mesh plot routine , making the verifi ca-
tion of input geometrical data extremely difficult. Frequently, for
very large problems , the only method is to use engineering judgment on

r the nature of the results to a specific loading function. For dynami c
problems this is a very risky approach. Thus, the addition of the
capabi l ity for plotting mesh points was assigned a very high priority .

e. The output of SAP IV consists entirely of numerical values and
plots constructed on the printer. For dynamic problems , such data can
be overwhelming and difficult to Interpret. The need for a time history
plotting package then became evident.

5
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f. The use of the SAP IV modal soluti on technique for dynamic
problems frequently resulted in the diagnosis that the storage limi t
was exceeded. Apparent reason for this Is that the generalized force
vector is computed for all time steps before the modal equations are
integrated. Consequently, any limi tation on computer memory allocation
also l imits the number of time steps, or the duration of time for which
a solution can be obtained.

g. It was discovered that a limi ted number of generalized displace-
ments could be requested in output. This appears to be a flaw within
SAP IV and should not be a major one since there is no similar limi ta-
tion on generalized stresses.

Some of these limi tations were expected ; others were not and signi-
ficant effort was required to verify that these problems were associated
wi th the code and not the input data. Because of the limited time
available to complete the project, the highest pri ority was placed on
items a, b, d, and e wi th the other items to be considered only if time
became available. The results of this part of the project are presented
in the next section.

6
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SECTION III

ADDITIONS TO THE PROGRAM

• 1. EQUIVALENT STIFFNESS PARAMETERS FOR CONCRETE SECTIONS

Many a ircraft shelters and other structures of interes t to the A ir
• Force are made of concrete or reinforced concrete. Since such structural

members are designed to crack under highly probable loading conditions ,
an analysis must reflect this nonlinear behavior in some fashion. If a
code (such as SAP IV) based on linear theory is to be used , properties
for these structura l members must be chosen so that the actual nonl inear
behav ior is approx imated or averaged in some sense.

If a procedure can be esta blished for beams , then the extension to
pl ates and thick shells is relatively straightforward. The procedure
used for obtaining an equivalent bending stiffness of a beam can be
applied directly to orthotropic plates by using the beam formulas in
each of the principal material directions. There is a factor l-v 2(v is
Poisson ’s ratio) that is not present in beam theory. However, in light
of the assumptions made in arriving at an equivalent linear stiffness,
the incorporation of such a term is not difficult.

The use of the thick or thi n shell element in SAP IV introduces
additional complications in that actual elas tic constants rather than
bending stiffnesses must be satisfied. Because bending is the dominant
mode of deformation for most engineering structures , it is imperative
that the resultant bending stiffness correspond closely to that of the
actual structural element. A convenient way of achieving this corres-
pondence is to choose the appropriate elastic constants for concrete
and then select values for the thickness and mass density so that the
resultant bending stiffness and mass per unit shell reference area are
equal to the exper imentally or analytically determined values for that
particular section. If a different bending stiffness exists in the
direction normal to that already modeled , the select ion of appropr iate
orthotrop ic elas ti c materia l properti es in the el ement can be used to
approximate the different stiffness.

The basis for equivalent plate and thick shell element properties
Is contained in the assumptions used for beams. Thus, the rema inder of
this subsection Is devoted to beams with several illustrative examples.
Extensions to plates and thick shells are considered to be rather straight-
forward and are only included in the sample problems.

When reinforced concrete members deform under the action of some load ,
cracking of the concrete occurs on the tensile side of the member. This
hi ghly nonl inear behavior must be approximated with an appropriate linear::~i: :::i .:‘ a s t i c a l  to be used w any degree of
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Unsymmetrical sec ti ons introduce another compl icat ing factor in
that the cracked stiffness for both directions of bending may be dif-
ferent. As a reasonable approximation for problems in which any one
section may experience both positive and negative bending moments, it is
proposed that an additional averaging procedure be used. First, obtain
the average stiffnesses of the cracked and uncracked sections for bend-
ing in both directions. Then use the average of these two stiffnesses
to obtain a resultant linear equivalent stiffness to be used in a
dynamic analysis.

The approximate formula suggested by Biggs3 for the average bending
stiffness of rectangular sec tions i s

Ebd 3
ECIB = 

c (5.5p +0. 083)

in which

E
~ 

Young ’s modulus for concrete,

average second area moment,

b = width of the member,

d = effective depth of the member, and
p

5 
= steel ratio.

-
p . !

Since it is not clear just what assumptions were used in deriving
this equation , it is proposed that first principles be used in obtaining
average stiffness parameters. The followi ng examples illustrate the
procedure, and Blggs ’ formula is used for comparison .

-
• 

Example 1. SymmetrIc Section.

Consider a rectangular beam (Figure 1) with the same reinforcing
top and bottom so that the average stiffness is the same for both posi-
~ive and negative bending .

3. Biggs , J. M. , Introduction to Structural Dynami cs, McGraw Hill Book
Co. , New York , N. V., 1964.
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Figure 1 . Symmetr i c Rectangular Section

Area of steel , top and bottom, A~ A~ = 0.75 in 2 wi th distances

— d1’ = d” = 12 in. The steel ratio is, by definition ,

A~+A~— (8 in)(l21i) = 0.0156

Young ’s modulus for concrete is given by
p

Ec = (w) 1 5  
~~~

In which w is the weight density in lb/ft3 and f~ is the concrete strength
in psi. For 4000 psi concrete

• 

‘~ 
Ec 

= (145) ~(33)i-4 = 3.64 x 106 p~1
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The ratio of steel to concrete Young ’s moduli is

= E ’ E  = 
29 x l06 psi = 8 0~~ 

5’ c 3.64 x lOb ~~
* 

I
Thus the steel area is transformed to an effective concrete area 8 times —

as large. For the uncracked section (Figure 2) the moment of inertia
becomes

- 

• 

k 8 in ~~ 

,,,
,
~/

nA$ = 6.00 ‘In 2

rzz
U,

N.A.

C

~~~~~~

A5 6.0O ~~~~2

Figure 2. Transformed Uncracked Section

I
~~A 

= 

~
i-
~
- bh!f2nA5(5 in)2 = -j-

~
- (8)(14)’÷2( 6 in~(25 in

2) = 2129 ink

For the cracked section (Figure 3), the location of _ the neutral
axis must be determined first. Let the neutral axis be y from the upper
surface.

10 
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: 1

• - 

8 1n

-

~~~~~~ 

N.AH
~~~~

• nA5 = 6.OO in2 
~

________  —

“
~
nA
~ 

= 6.00 in2

Figure 3. Transforme d Cracked Section

The total equi valent concrete area is

A 8~~+ l2

Then first moments about the top surface yield

;~~~ ~ -~- (8 in)+(6 in2)(2 in)+(6 in 2)(12 in)

and the soluti on is

= 3.32 in

Now, the second area moment about the neutral axi s for the cracked
- 

- 
section is -

11
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1N A = (1/3)8 in (3.32 in)3+6 in2 (3.32 in -2 in)
2

+6 in2 (12 in—3.32)2 = 560 ~~~~~

The average second area moment of the cracked and the uncracked section Is

— 2129 in4f560 in k 
—

The value obtained from Biggs is

= 

~ 
(~~•~ p

5 +0.083) = 
(8 in~(12 in)3 

{5.5(0.0156)+O.083} = 1168 ~~~~

For the purpose of compari son

I
= 1.15£8

Exampl e 2. Unsynimetric Reinforcing

Consider a rectangular beam with di fferent reinforcing at the top
and bottom.

In Figure 1, let

A~ = 0.5 in 2

A~ = 1.25 in 2

dt db _ 1 2 1n

The steel ratio for the cross section is

I • 

= 

~°•9~
S 1•25

~ 
= o.ol~

12
- 1
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The transformed uncracked secti on is illustrated in Figure 4.

____ _______________  
b 

8 In in~

- 

_ _ _ _ _ _ _  

7~ in_Y 

‘! 
N.A.

- $

2 1n  
‘
~‘nA5 = 10.00 in2

Figure 4. Transforme d Uncracked Secti on

• Total equi valent concrete area

A = (8)(l4)+4.O+lO.o = 126 in 2

The distance from the bottom face to the neutral axis is j~ where

= (l12)(7)+(4.O)(l2)+(1O)(2) = 852 in 3

~~ = 6.76 in

The second area moment about the neutral axi s is

A = ~-(8)(l4)~+(8)(l4)(7-6 76)2 +4 00(12—6 76)2+10(4 76)2= 2172 in ”

~
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The transformed cracked section for positive bending is shown in Figure 5.

nA5 = 4.0 in2

~~~~~ $2 in 
$‘
~ 

N.A.

= 10.0 in2

Figure 5. Transfo rmed Cracke d Sec tion for Pos iti ve Bending

— -  The total equival ent concrete area i s

A = (8)(~)+(4)+(1O) = (8~+l4) in
2

The location of the neutral axi s with reference to the top face is ob-
tained from

= 
~~ (8~) + (2)(4) + (l2)(lo) = 4~~2~~ 128

or

4~~~2 +l4~-l28 = 0

4.17 in

and

‘N A  = ~(8)(4.l7)~ +4(4.l7~2)2+lO(l2..4.l7)2 = 825 In”

14
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The average val ue for the secon d area moment for pos iti ve bending becomes
= 

1 (2l72+825L. 1499 in ”

The transformed cracked section for negati ve bendi ng is shown in
Figure 6. -

in2

C C
•1~

c~J c~J

2 in nA5 10.0 in2 ~—2 in

Figure 6. Trans formed Cracke d Section for Negat i ve Bendi ng

The total equivalent concrete area is

A = 8’+(4)+1O = (8 +l4) in 2

With reference to the bottom face, the location of the neutral ax i s i s
given by

= 
~~ (8~)+(2)(lO)+(l2)(4) = 4~~~

2+68 —

or

4~
2+14~_68 = 0

~~= 2.73 in

and
-

• 

= ‘
~~~ (8) (2.73)~ +10(2. 

73_2)2+4(l2_2.73)2= 403 in ”

15
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The average value for the secon d area moment for negati ve bending is

I~ = .
~-(4o3+2l72 ) = 1288 in”

The average value for both positive and negati ve bending is then

‘a = 
~~~~~~~~~~~~ 

= 1394 in ”

Bi ggs ’ formula yields

‘B = ‘
~~~~~~

_ S.5p5+O.O83 = 
(8)
~
l2)
~{5 5(U o182)+o o83} = 1266 in ”

and

I
1.10

B

Example 3. Unsyniiietrical Cross—section with Reinforcing

The following cross-section (Figure 7) has been suggested as a
suitable model for a section of corruqated material from an ai rcraft

• s helter. 
-

8in 1¼ tn

k — ______________ — _________________________________________ ______________

C

.~~~ A 
= 0.15 in 2 

¶

.~~~ A
~~

= 0.l5 in 2

A = 0.15 in2

— _ _  _ _  

s. .._ _

5in

Figure 7. Unsymmetri cal Cross-section

16 
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W ith f~ 5000

it fol lows that

= 4.07 x lO6 psi

n = Es/Ec = 29/4.07=7.13

• The transformed uncracked section is shown in Figure 8. The equivalent
concrete are a i s

nA5 = 0.36 in2 ~1.Z5 in-i 
~~

-
, 

~~~ 
1 N.A.

- 

1 4 I ~~~ nA5 = 1.07 in2

— V~~~JJ’~*IJ

flAs = 1.07 in2

Fig ure 8. Trans formed Uncracke d Sec tion

A = (6)(8)+(5)(4.5)+(2) ( 1.07)+O .36 = 73.0 in2 
—

and taking moments about the top face, the locati on of the neutral axi s
is given by

= (O.36)(l.25)+(48)(3)+(l.07)(5.75)+(22.5)(8.25)+(l.O7)(9.625) = 346.5 in 3

= 4.75 in

The second area moment is

‘N.A. = .1~e(6)3+48(4.75_3)2+~~(5)(4.5)3 +(22.5)(2.25+l.25r

+(o.36)(3.5)2+(l.07)(5.75_4.75)2+(1.O7)(5.75_0.875)2

= 636 in”

17 
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Under positive bending , the transformed section is shown in Figure
9. The equivalent concrete area i s

- 1.25 In
nA5 = 0.36 1n2

N.A. 
_
1 .~~~U, 

U,
S C..”

nA~ = 1.07 in2

I,, ., 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -

= 1.07 in 2

Figure 9. Transformed Cracked Section for Pos iti ve Bending

A = 8,~+O.36+l.07+l.07 = ~y42.5a~ in
2

F— and taking moments about the top face the neutral axi s is obtained from

= (8~~-)+(O.36)(1.25)+(l.O7)(5.75)÷(l.Q7)(9.525) = 4~
2+l6.9

or

4 2+2 50 169 = 0
I and
- 

~~~ 1.77 i n

1 18
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- The second area moment is

‘N A  ~(8)(l.77~~+(0.36)(l.77_l.25)2÷(1.O7)(5.75~l.77) 2

+(1.07)(9.625_l.77)2 = 98 in”

The average value for positive bending is

I
~ 

= ½~636+98) = 367 in”

-t
The transformed crac ked sec tion for negati ve bend ing is shown in

Figure 10.

• ~~~~~ 
= 0.36 in2

________________  -

~~~~~~~ nA5 = 1.07 in2 
- 

C

C

- 

N.A. 

-

nA5 = 1.07 In2 0.875 In

• Figure 10. Transformed Cracked Section for Negative Bending

The equivalent concrete area is

A = (5~+2.5o) in
2

J 19
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and the location of the neutral axis Is obtained by taking moments about
• the bottom face

- 
= 53’(~-)+(1.O7)(O.875)+(l.07)(4.75)+(O.35)(9.25) = 2.53’2+9.35

- - or

- 

- 2.53’2+2.503’_9.35 = 0

- and
- 3’ = 1.50 in

The second area moment is
- 

1N.A. = ‘~.(5)(l.50)3+(l.07)(l.50_0.875)2+(l.O7)(4.75_l.50)2

+(O.36)(9.25_1.50)2 39 in ”

The average value for negative bending is

= ½(636+39) = 337 in”

F For both positive and negative bending, the recommended value is

N
‘a 

= ½(
~~~ a) = 352 in”

Big gs does not suggest a procedure for a section as complicated as
this one. However, his approach could be adaoted as follows : The steel
cross section area is A = 0.05+0.15*0.15 = 0.35 in2. For positive
bending use b=8 in and ~=9.625 in. Then

- 
= 
~~~ {5.5p5 +0.083} = (8)~~ 

25
~~(5. °1~~251+O.083 = 385 in”

For negative bending use b = 5 ‘In and d = 9.25 in

Then

= (5) (9 25)3 c 5 5  S°
35

~~
+0 o83 = 247 in”

4
- 20
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The average of the two values is

‘B = ½(385+247) = 316 in”

and
I
T

” 1.11
L

B

For the three beam sections presented, the beam stiffnesses calculated
by averaging four stiffnesses (cracked and uncracked for positive bending
and cracked and uncracked for negative bending) are from 10 percent to
15 percent greater than those determined from the Biggs formula. The
Biggs formula is not directly applicable to non-rectangular sections , and
for complicated sections its use becomes highly questionable. For simple

• cross—sect ion , however, its use in determining dynamic bending stiffnesses
can be justi f ied from the foregoing test calculations. For complicated
beam cross—sections, although parameters may be chosen so that the Blggs
formula stiffness compares well wi th the four stiffness average method ,
it is suggested that only the latter method be used in determi ning the
dynami .. stiffness.

2. FREE FORMAT INPUT PROGRAM

To allevia te the time consuming and confusing format rules for intro-
ducing data into the SAP IV code, a program known as FFIP was developed.

— FFIP, short for Free-Format Input Program , enables the user to prepare —

input data for SAP IV wi th considerable ease and speed and to avoid the
— rigidity in form necessary for creating input data directly applicabl e

to the SAP IV program. Ultimately, input data , when properly prepared ,
can be completely shuffled, and the resul tant output of FFIP will be
identical every time. FFIP is a separate, independent program to be run
just before executing the SAP IV program in a single job run, and it
creates a resultant output tile, Tape 1, which is to be used as input
to the SAP IV program. To utilize FFIP proficiently, the user is required
only to be familiar with FFIP inpu t syntax rules , which are simp le and
straightfo rward , and FFIP keyword parameters . Explanations of FFIP
input  requirements and further elaborations of FFIP characteristics are
available in Appendix A. • 

-

3. GRAPHICS PLOT PACKAGES

Two plotting packages were developed for the SAP IV code to simplify
both data Input and output. For dynamic problems the time history

• package provides the user with plots of displacement or stress versus
time. The mesh plot package permits rapid verification of input geometrical
data.

21
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3.1 Time History P1~t Package

A time history plot package is available for the user who wishes
to analyze voluminous SAP IV output with ease and efficiency. The plot

- 
- package has been included in SAP IV without major modification to the

code and the standard software package Is required for its execution.
Plots can be created by requesting printer plot from SAP IV (i.e., KKK~2)
with data for specific component members. No other input data are re-

- - quired and each resultant plot contains a maximum of three curves which
are automatically grouped depending on component members specified. A
normal ization factor is provided for minima and max ima of all three
curves when applicable. Also , the beginning and ending time data points
are automatically plotted to the extrema . Each curve permits up to 100
points. If there are more than 100 poInts , the data will be incremented.
Further elaborations , includi ng samp les and functional descr iptions of
the program are given in Appendix B.

3.2 Mesh Plot Package

• A mesh plot package is available for rapid and simple veri fi—
cation of input geometric data. It Is a separate program wh ich can only
be run after a successful execution of SAP IV In a single job run. In
addition to the normal input data to the SAP IV program, a vari able
named MODEX in the master control card section of the SAP IV manual
must be set to 1. SAP IV , subsequently, produces an output fi le , Tape 8,
which provides one of the required inputs to the mesh program. Besides
TAPE 8, card input must include data , suc h as v isual orientations of
generated object defined in 3-D space and selections of optional node
and element l abelings and various or all elements to be plotted. Card
input is again in free—format and is easy to use. Explanations of
syntax rules , a list of keyword parameters and further detai ls of mesh
plot characteristics are ava ilable in Appendix C.

4
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SECTION IV

PROBLEMS THAT DEMONSTRATE THE APPLICABILITY OF SAP IV
TO AIRCRAFT SHELTER ANALYSIS

1 . BACKGROUND

A hi erarc hy of problems was selec ted to illustrate the use of SAP IV• for obtaining solution s in cases that ranged from the most elementary
type to those that were fairly complex and representative of the type
that might be encountered in a detailed analysis of an aircraft shelter.
The simpler problems were chosen to demonstrate basic features of the
code and to al low compar ison with solutions obtai ned from strength of
materials formulas . The more complex problems were designed to represent
the structures and load environments actual ly encountered in A ir Force
design and experiments . Since the objective of this part of the study
was to determine the appropriateness of SAP IV for this class of problems ,
no attempt was made to perform the kind of detailed analysis that mi ght
be required under a given situation.

Of the large number of elements available in SAP IV, the following
problems were solved us ing only beam, thin shel l or plate , and thick
shel l or plate elements. Input for each problem was introduced into
the code using the Free Format Input Program (see Appendix A). The mesh
plots and time history plots have been selected so that over the range
of problems cons idered , most of the options available wi th the plot
package are exercised .

2. CANTILEVER BEAM

2.1 Static Analysis Under Five Different Loads (Figure 11)

2.1.1 Problem Description

A 25—foot long cantilevered W 12 x 40 beam was subjected
to the following concentrated loads acting on the free end of the beam :

a. 1000-lb axial load

b. 1000—lb vertical load

c. 300,000-in-lb moment

d. 5000-in-lb torque

e. All of the above

23 
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• F-’~ 
25 f t  l000 lb

1 ~.. 1OOO 1b 1
Load Case 1 Load Case 2

• 
THEORY = 9.4044 x 10 ”in THEORY 

~y 
= -1.0011 in

• 
- SAP IV L~ = 9.4044 x 10 ”in SAP IV ~ = -1.0088 inNODE 6 X NODE 6 y

4 ~~~3O0 ,OOO in lb 1 >5000 in lb

Load Case ~~~~~~ Load Case 4

THEORY = 1.5017 in THEORY x-rotation = -0.14067 radIans

SAP IV ~ = 1.5017 in SAP IV x-rotatton = -0.14067 radians
NODE 6 y NODE 6.1- I

1000 lb

4 
_ _ _11~

I -  T~5OOO j n ]j,

Load Case 5 
~~~~Aoo,ooo in lb

THEORY = 0.5006 In

SAP IV 0.4929 in
NODE 6

Figure 11. Cantilever Beam Load Cases
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2.1.2 Five 3—D beam elements were used in the analysis. The
assignment of nodes and beam elements is shown in Figure 12.

7
• 

- 
2 3 4 5 6 Nod e

5Ft 

2 3 5 Element

lOF t
-

~~~~l5 Ft

2O Ft 
‘

25 Ft

Figure 12. Cantilever Beam Element Assignment

— 2.1.3 Input Data - Five Load Cases

HEADER=*STATIC ANAL. CONC. LOADS CANT. BEAM
NUMNP=7 ,NELTYP=l ,LL=5
Ix(l ,7)=l ,1 ,1 ,1 ,l ,1
IX(2 6)=O ,0,l ,0,l ,O,
XYZT(l )=O. ,0. ,O. ,0.,
XYZT(2)=60. 0. ,0. ,O.,
XYZT(6)=300. ,O. 0. ,0.,
XYZT(7)=O.,60.,
NBEAM=5,BNEPC=1 ,BNMPC=l ,
BMPC(l )=2.9E7,O.3,7.339E—4,.289
BEPC( 1) 11. ,3.5l ,4.128,.956,44.l,3l0.,
BEAM(l)=l ,2,7,l ,l ,
BEAM(5) 5,6,7,l ,l ,
CLMD(6,l )=1000.,
CLMD (6,2)=O.,—l000.,
CLMD (6,3)=,,,,,3.0E5,
CLMD(6,4)=,.,5.0E3
CLMD(6,5)=l000. ,-l000. ,,5.0E3,,3.0E5

25 - •
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2.1.4 Results

A comparison of deflections as computed by SAP IV and a standard
strength of material approach was made for each of the five load cases.

- 
- The maximum difference in computed deflections was 1.56 percent, and

this can probably be attributed to the fact that deflections computed
using strength of materials did not take shear deformations into account,
whereas , SAP IV did. Because the problem analyzed was statically deter-
mi nate, no appreciable differences in shears and moments were computed
by either approach.

Load Case 1 (1000 lb axia l) X-trans lation

SAP IV — node 6 = 9.4044 x 1O~ in

Strength of Materials 1~ = P9../AE = (1000 lb) 1 10  ~~2(2g lO6 ps -i )

= 9.4044 x l0 ”in

Load Case 2 (1000 lb vertical) y—translation

SAP IV - node 6 
~y 

= -1.0088 in

Strength of Materials = = (1000 lb)3(29 g2~ 
~31O in”

~
= 1.0011 in

Difference in predicted deflecti ons is 0.8 percent.

Load Case 3 (300,000 in-lb concentrated moment) y-translati on

SAP IV Node 6 t
~y = +1.5017 in

Strength of Mlaterials - Moment area

I L
y

I _ _ _ _ _ _

I _ ..- - 
1 ~BA M/ET —

4 B 4  
I _ _ _ _ _I I _ _ _ _ _  _ _  x

- Mom/El Diag.
M P. M 2rBA = x P. x = = 

~
y = 300,000 in-lb(300 in)2

2( 2gxlObpsi)3lp in~= 1.5017 in

26
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Load Case 4 (5000 in-lb torque) Angle of Twist

SAP IV x rot. = 0.14067 radians

Plode 6

Strength of Materials P~~~~ (0.956 iflk)(11.154 x l O 3in ”)

= 0.14067 radians

Load Case 5 (Combined loads) y-translation

SAP IV = +0.49289 in

Node 6

Strength of Materials i~y = -1.0011+1.5017 = 0.5006 in

Difference in predicted deflections is 1.56 percent.

2.2 Effect of Shear Deformations on a Deep Beam and a Standard Bcam

L 
2.2.1 Problem Description

As seen -In problem 2.1, the inclusion of shear deformations
In an analysis leads to computed deflections somewhat larger than de-
flectlons computed by standard means. In an attempt to study the effect

— - shear deformations have on the deflections computed for a standard beam
• and a “deep” beam, analyses were made on a standard 15-foot cantilever

and a deep 15—f oot cantilever. For each beam, analyses were made in-
cluding shear deformations and not including shear deformations. A
“deep” beam was considered to be a beam with a l ength to depth ratio of
5:1 or less (see Figure 13).

The following probl ems were considered :

27

- -—-—~~~~~~~~~~~~



~~~ _‘TTITT~ T _ _ _  

-
~~~~~~~~

— 
_ _

A 15 ft 1 1 0 ,111 lb

CASE 
_________________________________________

$

W l 2 x 6 5

~ 15 ft 50,000 lb
• 

‘S

CASE W36 x 135
2

•1

I

W36 x 135

Figure 13. Shallow and Deep Cantilever Beams

In both cases loads were chosen that would yield a bending stress of
approx imately 20.5 ksi at the fixed end.

2. 2.2 Three 3-D beam elements were used for both problems . The
arrangements of the nodes and beam elements used in the analysis are
shown in Figure 14.

I
I ~,

‘ 1 -“ 4 Node
I:
I
I

1 2 3 Element

5 f t
10 t

15 ft
• ____________________________

Figure 14. Cantilever Beam Element Assignment
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2.2.3 Input Data — Case I with Shear

~~FA~~FR *3 Tf l. F~~~A~-1 SHEAR ~~~ 1 2 X6 5
NUMNP 5 ,NrI T Y P = i  ~LL= 1 ‘ ;

- 
r X ( 1 , 5 ) 1,1,1,1,1,1,
T X ( 7  4 ) =~~,O,1,1,1, r), • 

—

• ~ YZT ( 1 ) = ~~~. ,~~~. ,~~~. ,~~~. ,

y Y 7 T ( 4 ) = 1q r ~.,

NP~~~~~~~~~~~~~ 3 ,R~~~!FPC~~~~ 1 ,B NN -’PC l,

• P ’ 1~D C ( 1) ?. QF7,.~~,1 5 . ?2 ,4 Qf l e ,
— P r P C ( 1 1Q .1,4 .73,4 .7~~,?. ,i7~

;.,5~~3..
FFA ~~ ( 1 ) 1 ,2,5 ,1,1
R~~A M ( 3 ) = ~~,4 , ’~ ,I  ,1

~ L~~~ ( 4 , 1 ’ = , — 1 f l h 1 I . ,

2.2.4 Input Data — Case I without Shear 
- •

- ~~~ ~~~HFAR ‘ 1 ?X ~~~~~

~1 P , N ! r I T Y P = 1 , L L = ~~,4 

- r x c  i ,~~~ = i . i , i , i  , 1, l ,
T X ( ?  4~~=r ,r~,1 ,1,1,r”, - —

— 

• Y Y 7 T ( 1 ) = ”~~ ,r~.,r ,r~,, - , • -

y v 7 T ( 7 ~~~~y~. ,r~~., r ). ,

X V Z T ( ~~~) = r ~.,~~.,
-• N n r I Y . . J F p r=1 .pN !~Pr =1,

P ( ( 1 ) 2. Q E 7 , . 3 , I ~~. 2 2, 4 ) r ) . ,

~ ~P( ( 1  ) = 1 () • , , , 2 • 1 ()  • ~ 75 •  , ~ 3 ~ • ,

( 1 )  j .7 , ~~ , 1 ‘1
~~~~~~~~~~~~~~~~~~~~~~~~
ri “ ( 4 , l ~~= , — 1~~11~~., •
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2.2.5 Input Data - Case II with Shear

HFA r ~rR =4 ~r~FEr) ~rr •~.’ c~~~ AR ~‘~~ 6x 1  ~~
N I t I~~~~NP~~~~~~~ , N F L Ty P 1 ,L Lz 1

!X ( 1,5)=1 . 1, 1, 1, 1, 1,

X Y Z T ( 1 ) = f l . ,

X y Z T ( 4 ) ~~1~~fl. ,
X V 7 T ( 5 ) = n ,, 5.,

-
• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- •

F
~EPC (1)=39 .8,21.26,21.26,7.fl3,27~~.,7d2o.,

PFA~
4( 3)~~3,4,5,1,1

2.2.6 Input Data - Case II without Shear

HF
~~~~

f l FR *
~~~~

E
~~~~~~ 

P E A ~ 1 NO 5HE~~~~R ~~ 3 6 X 13 5
~~NP=5 ,r~Ft T ’YP= 1 ,LL=1

I X ( 1 , 5 ) 1. l, 1, 1, 1, l ,
~X ( 2 4 ~~=r ~, f l , l , 1, 1, ” ,
X Y 7 1 (  1 ) ‘ .
v V 7 T ( 2 ~~=~~r~•,

~~ r r ’ ~~~~ ,p M ~~p C =  ~ ,p N ” P~~= 1
1 =2 .  9 F 7, .  3 , 1~~~~~. 2 2  ,4 Q (~~•

t~E P ( ( 1 ) = ~~Q .8 , , , 7•f l 3 , 2 2 6 . , 7 8 2 f l .
P r E Y - ( 1 ) 1  ~~~~~~ ,1
‘~~ F~~~~~-~~ ( 3 ) 3 ,4 , 5 . 1  ,1

L

L 
_ _
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2.2.7 Notes on Input Data

The input data for the two cases involving a standard
beam (W 12 x 65) are very similar to the input data discussed when

— considering the analysis of a cantilever beam under five loading cases.
One shoul d note that for the analysis cons idering shear deformations ,
the element geometric properties incl ude an area of 4.73 square inches
that Is associated wi th shear forces In the local two directi on , whereas ,
for the second case the input does not include this piece of data and
the analysis will not include shear deformations.

For the two cases involving a deep beam (W 36 x 135)
it should be noted that for the fi rst case , where shear deformations are
taken into account, the element geometric properties Include an area of
21.26 square inches associated wi th shear in the local two direction.
In the secon d case , where shear deformations are not taken into account,
this shear area has not been included.

2.2.8 Results

For the standard beam (W 12 x 65) the maximum
deflection computed by SAP IV including shear deformations
was ~ = 1.3061 inches. The maximum deflection computed by SAP IV not
inç1u~ing shear deformations was ~ = 1.2716 inches which compares to
wic~4n five pl aces with the streng~h of materials solu tions. The error
in thè~~t~ength of materials solution was 2.7 percent.

For the deep beam (W 36 x 135) the maximum deflection
computed by SAP4V including shear deformations was ~ = 0.46656 inch .
The maximum defle~tton computed by SAP IV , not consid~ring shear defor-mations , was ~ = 0.4~~6l inch, which again compared to wi thin five
places wi th th~ strength of materials soluti on. The error in the strength
of materials solution, this time, was 8.9 percent. Thus , for extremely
deep, short beams , the error encountered when computing deflect-Ions
without considering shear deformations begins to be signifi cant.
Therefore , in any analysis of an aircraft shelter where there is some
question as to whether or not the shel ter section may constitute a
“deep” beam, shear deformation should be taken into account. As the
Input shows , this can be done wi th very littl e effort. All that is
required is to include in the element geometry input the areas associ-
ated with shear forces in the local two direction . (Figure 15.)
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U ;

-~~~~ 15 Ft. 10,111 lbs .

Case l +
W 1 2 x 6 5

THEORY WITHOUT SHEAR DEFORMATIONS Ay = 1.2716 in
SAPIV WITHOUT SHEAR DEFORMATIONS ~y = 1.2716 in

• SAPIV WITH SHEAR DEFORMATIONS Ay = 1.3061 in

15 F 50,000 lbs.

W36X 1 3 5 - ,

•

i

1 

Case 2

THEORY WITHOUT SHEAR DEFORMATIONS Ay = 0.42861 in
SAPIV WITHOUT SHEAR DEFORMATIONS t~y = 0.42861 in
SAPIV WITH SHEAR DEFORMATIONS ~y = 0.46656 in

ELEMENT MODEL 
-

4 1  2 3 4 Node
4’

1 2 3 Element

5 F t

lO F t

l5 Ft __.‘•I

- ~- x
Figure 15. Effec t of Shear Deformations
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3. Fixed—Fixed Beam

3.1 Static Ana lysis of Fixed-Fi xed Beam (Figure 16)

3.1.1 A box beam fixed at both ends Is subjected to

1. A concentrated load at the center j
2. A uniformly distributed load

Load Load
Case (1) 100 lb Case (2)

25 lb/in
- 

- 

~~~~~

— 

~iif~
Material = Steel -

Member: 4 in  x 4 i n x 40 in box beam wi th
wal l thickness 1/4 inch

Figure 16. Fixed-Fixed Beam Load Cases

3.1.2 A group of four 3-D beam elements Is used for this
analysis with the location of the nodes and the element numbers (square

— 
boxes ) shown in Figure 17.

1-. 2 3 4 Element
I ’ l l Node1 2 3 4 5

k0 in ’lO in~~1O in ’lO in’
Mater ial = Steel • 

-

Member: 4 in x 4 in x 40 in box beam
with wall thickness 1/4 in

Figure 17. Element Assignment - Fixed—Fixed Beams 
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The input data for these problems are as follows:

3.1.3 Input Data — Case 1

H F A D E R = * S T A T I C  E~EAN~- PR 3r~LET~ *
%f l J MNP=E, ,NF LTYP= 1,LL=1 ,
T X (  1,5 , 6)  =1.1,1,1,1,1,
T X (  7 4 )=o ,0 , 1  ‘1,1 ,0,
X Y Z T ( 1 ) =
X Y ? T ( 2 ) = l r p . ,
X Y Z T  ( 5 )  4r~.,XYZ T (6) r~. ,l.,
N R FA ~~=4 • ~N~~PC=i  ,PN!”PC=1,

1) 3. 0F7,.  333,  • f l f lo7~~L+6

~ F~~C ( 1 )  =1 • 59, ,.079,. 7 f 6  • 76 (~

~ FA M ( 4 ) = 4 , 5 , 6 , 1  ‘1
C L Mr) ( 3 , 1~~= ,— 1 0 r ~.,

=1
3.1.4 Input Data — Case 2

HEAt ) F R=*  S T A T I C  BLAM PRçth~~EM *
“1J P=6 ,NrLTYP=1 ,L1=1
i X ( 1 , 5 , 6~~= 1, l , 1, 1 , 1  ‘l ’
T X ( 7 4 ) ~~r~,0, 1, l , 1, f l
Y Y 7 T ( 1 )
XYZT ( 2, =1 ~~~~~
X Y Z T ( 5 ) = 4 r ~.,
XYZT (6)=0. ,l.
Np rA ~~=4 ,BME-PC 1 ‘BNMPC l
p c ( 1) = 3 . rF 7, .333 , .~)r~o 7 3 4 6 ,— 15 . 72 

- • -

RFP(( 1) = i Q, , , . f l7Q,.7f ,~,,.76~,
n c A I ( 1 ) 1 , 2 , 6 , l , 1 ,
P F A M ( 4 ) 4 ,5 ,6 , 1 ‘l’
~j M ( ~~~) = ~~ •

- 
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3.1.5 ComparIson of SAP IV Results with Strength of
Mater ials Solution

Case 1. Concentrated Load at Center.

lOO lb

SAP IV Resu lts Strength of Materials Resuitsa
• Maximum —

~~~ -2
deflection - 0.14505 X 10 in - 0.14505 x 10 in
(at center)

V _ _ _ _ _  _ _ _ _ _

Shear force 50
diagram (ib) 1111111 1  11111111

I 2O in 20 -In I 20 1n I 20 1n

— 

Bending mor~~t
1V
~ 

,J,
JY

IA’Ii
~~~

N.
~NJ F I~

aliManual of Steel Construction ,” Seventh Edit ion -, AISC , pp 2-203.

Figure 18. Static Results - Fixed-Fi xed Beam PoinL Load

The results of Figure 18 indicate the followi ng:

1. The maximum deflections agree to within five sign ifi cant figures.

2. The shear force diagrams are the same , as are the bending
moment diagrams.

~~~~~ _L _____ ~~_  — - - — - - —~~~~~~~~~~~~~~~~
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Case 2. Uniformly Distributed Load.

25 lb/ in

- Maximum
deflection SAP IV Results Strength of Materials Resuits a
(at center) 

- 
-O.72527xl0 21n -0. 72527x l0 21n

Shear force ( ib~ 500
diagram 375 h h ’

~~~1 1II L I I~1

~~~ 
-
~~ ~~~ ~~~ I — 11.1

10 in- 10 i.n 10 in flO in 1 20 in I 20 in

M

Bend ing 
(lb-in 

625 1875 1667
diagram 

-3125 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- -3333
auManual of Steel Construction ,” Seventh Editi on , AISC ., pp 2-203.

Figure l8a. Stati c Results - Fixed-Fi xed Beams - Distributed Load

The results of Figure 18a show that:

1. The maximum defections agree to wIthIn fIve signifIcant tigures.

2. The difference between the two shearing force diagrams and the
two bending moment diagrams is due to the assumptions of constant element
strain in SAP IV.
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3.2 Dynami c Analysis of Fixed-Fixed Beam

3.2.1 A box beam (Figure 19) fixed at both ends is subjected to
a time dependent load at the center as follows:

F(t)
• (ib) 

__________________FSt) 100

_ _ _ _ _ _ _ _ _ _  /1
4O in •

0.05 t(sec )

Mater ial = Steel

Member = 4 x 4 x 40 Inches box beam
w ith wa ll thickness = 1/4 inch

Figure 19. Fixed—Fixed Beam — Dynamic Point Load

3.2.2 The finite element model and location of nodes are
the same as for the static analysis (3.1.2).

Two different analysis methods , mode superpos it ion - -

and direct step-by—step integration , were used. The -Input data for
these analyses are as follows:

37
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• 3.2.3 Mode Superposition

~~~ ,r~F R= ~~~~~V~~ T C  A N - ~L Y S I ~~ - f  ~ I~~t~~— F I ~~ D
~~~ 

‘ 4 ’ - P 6  . J  LT P= I ,NF=6 • -~ t~~~ ~~ 2 ,
T~~~~~( 1,5,i~) = ~ • 1, 1  ,I.1 ,

•1’
t Y ( ?  ~~~~~~~~~~~~~~~~~~~~
‘ Y 7 T (  ~
~ Y 7 T ( , ~ ) 1 n ..
~~~~~~~~~~~~~~~~~~~. ) C . ~~~~~ ,4 .~~

-
~~~~r fl t 1  ,~~ - - P(= 1

~ “t)~~~( 1 •~~~ r 7 ,• , • r , (.

~ rp r ~ • ‘- -
~~ ~ , , •f l  1 ~ . • 16~~ . • 766

- ( ‘~ ) - . . ~ , 6 , I , 1
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
‘~~t ) (  

~~~~~~~ , ,1 .
0 1 = ~ , —

T ( 1  • 1 1  -~~. • T ( 1 • 7) = .~~5, T (1 • ~ ) =~~ , 
r~

F ( 1  . 11  =~~~. . 1 ( 1 , ? )  1 • • F(  I~ ) 1.
y V V 7

T ‘~~‘~~~P(  7,  ~ ~ = 1 )

v - v

I 
~ 

( 2 • 2 1 1 • 2 t (- • 7 ‘ ‘ 1 7

3.2.4 Direct Inteqrati on 
•

f 4 1 ’ r ~u R =~~~’
y

~~~~~ - J (  t LY ~~V , - ~ 1 F h — F J ~~I 1~ K I A ’ - ’
M ‘ P~~~~~~ •NF L T Y~~= 1 ,NF =~~ ,1~ f l y\ I,

— 
~~~~~~~~~~~~~~~~~~~~~ .~~ .1.1,1.1’
T y ( ~~ 4 ) = ~

’
~.~ )~~ I , ’ • 1. ~~~~~

-

Y V 7 T f l  1

~~-~r 4 ~~-z / ,  ~~P~~~~~~~~ )~~~~~~~ ’ ,P~~’’D’ l •

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ,] —

f l r A ’ ’ ( ’4 ) =6, ’- ,’,,1 .1

I P (  
~‘2 ) - I  • ‘1.

r ( 1  • 1)  r-~ , n i l  ,7 ) • ,F ( 1 ,  ~ ) 1.

V V V 7 ,

(
~ ‘“P C 1 1 •~~ ,

T r ( ? , ? 1 J ~~~~~~~~~~~~~~

J 

T ’ ( 7 . 4 ’ 1.7, ’~ - -

-~~~~~~ 38
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I3.2.5 Results

Both the vertical and horizontal displacements of the
beam center (node 3) are presented in Figure 20. The horizontal corn-
ponent is zero for all time while the vertical component Increases
negatively to an average value correspond ing to the static deflection.

• 
~~~~~ ~4 N - 1 L - O L ~~ ~~~ ~ F X E -F~~~~~ c E ’  BE~~’

NORMtiLUEP D1SPLRCEMENT AE~PON5E Ri NODE 3

DC.O .~~ 2 • .3 .~~~~~

~~ t s  ~~ i i t t f i  t I I t ; 4 f l ~~~~ I s 4 ~~~~ I I~~~~ I j I t I t I

z

ci:

H - -

~~~~

H

C T - - ________  - 
-

-s— t t ~ t i ~ + i i t I —

~3.O . i  .2 .3 ~14

TIM E ~SEC0ND1
WC R ~~~~~ L IZEO F~Ci~~: . 1~ 2E-C2

Figure 20. Midpoint Disp.lacement Response (Fixed-Fixed Beam)
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4. PLANE FRAMES

4.1 Static Analysis of Rectangular Frame Under Four Different
Loads.

4.1.1 Problem Description

A 10—foot by 10-foot rectangular frame was subjectedto four different loading conditions. These four load cases are illus-trated in Figure 21. F
_ _ _ _

• ~~~~~~~~ 
1 - 

~~77 2- 3
10 lb/in Uniform Load 1000 lb Coric. Lateral 1000 lb Conc . Vertical

Load LoadF

—~ ~~~ F ”

—.
~~~F7 ,

~Combination of all Loads

FIgure 21. Rectangular Frame-Static Load Cases . 
—

The frame was composed of W 8 x 15 horizontal and vertical
structural steel members with the following properties:

A = 
~ 

Txx = 48.1 1n’~ 1yy = 3.40 ink ; J = 0.136 ink

E = 2 0 x 1 0 6 lbs/in2 ;v = 0 . 3
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4.1.2 Twel ve 3-D beam el ements were used in the analysis.
The assignment of nodes and beam elements is shown in Figure 22.

l2O i n

9O in —

_ 
6O in 

_ 

-

3Oin
-

_ _ _ _- 

-

©
_3 11 — 120 th

gc~in

2 - SOin

© 
~3O in 

_ _

A 10 foot by 10 foot rectangular frame composed of 8 WF 15

• 
- .h.ortzontal and verttcal structura l steel members

I
Fi gure 22. Element Assignment - Rectangular Frame
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4.1.3 Input Data - Rectangular - Frame - Static

H FA f ’ F R = * S T A T I C  A NA L .  R ECT .  F4~A~~E UNIF.  AND CONC. LOA DS —

~ 1 1 1P 1~~,NrLTY P 1 ,LL 4
T~~’ (  ‘ ,1~~ ) 1  ,1,1,1,1,1,
x y 7 T ( 1 ) =

• X Y 7 T ( 2 ) fl.~~3 O.,
XY 7 T ( 5 ) = r ~.,l20.
Y Y 7 T ( 6 ) 3r’ .,121.,
X Y Z T ( 9 )= 1’ f l . , l ? O . ,
X Y 7 T  C 1r ~ ) 1  21. , l0 .,
XY 7 T ( 1 3 ) 1?l. ,0.,
J X ( 2  1 2 ) = r ’, , O , l , l , l , f l ,

~l M P C ( 1 )  =7 •  7 ,. 3, 7. 34E—4 , s 284
prpc ( 1 ) 4 .43 , ,, . 136 ,3 .4 ,4 8 . 1
nr~ M( 1) 1,?,6 ,1,1
P r A M ( 4 ) =4 ,5 ,6 ,1  ,1

~FM~’ (5 ) =5 ,6 ,4 , 1 , 1
P rA M (  81 =8,9 ,4 ,1’  1
RrA M (9 ) =9 . 1 1 ,8 , 1 , 1
F 1 FA ’~

1 C 12) = 12’  1~ ,4 , 1 ~ 1r LMr~( 1 , 1 ) = 1~~n.
CLMnI 1,4 ,= 150.

r L M D (2 ,4 ) ~~~ on. p

C L4 :1f l ( 3 , 1) = 3 0 0 .
C L M f l ’ ( 3 ,4 ) = 3 0 0 .
rL~~’r (4 , 1) = 3 n r .

CLMP C 5 ,61 = 1 50. •— 1 ~fl. ‘C L M P ( 6 , 1 ) = ,— 3 0 0 . ,
C L ~’r)(6 , L4 ) = , — 3 0 r 1.,
CLM r)( 7 , 1)  = ,~~~ 4f l f l•  ,

(Lr-~f l ( 7 , 7 ) = 1nr)0.,
rL~

1
~~

( 7 , 3 )  = ,— l f lnn.  ,
rLMr- 17 ,6 )  =1 nrln. , — 1  ~nn. ,
r~~~~~p( 8 1) =,—~~fl r . ,

r t ’ r ( 1 1  , 1 1 = — ~~r1’~.,r~ ~‘~~~( i i  ,‘~ I =— ~ or~. ~(I MP( 17’l ~ =— ~~nr~. ,

rL~- r C 1~
- ,1 ~~~~~~~~~ - [
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H
4.1.4 Resul ts. A comparison of moments in in/lb as computed by

SAP IV and a standard moment distribution technique for the first threeload cases is shown in Figure 23.
Load Case 1

W = 10 lb /tn

~ L ~L ~L — 
6000 6804

• - 12000 12000 11200 1120C
-I

—
~~ 6000 6000 6723 6723

-I

12000 l 200C 11360 1136(
-
~~ 

- 
“~‘ ~~~~ ~~~~- - ~~~ 72 ~

-7 r
Moment Dis tribution SAP IV

Maximum Difference = 13.4 percent

Load Case 2

2581 9 25819 ~5650 
- 

25650

134182 34182 134350 3435(
ph1)7_ ,-74’f/ I/f,/f 7?A/

Moment Di stribution SAP IV
Maximum Difference = 0.7 percent

1000 lb1 Load Case 3

9997 9997 9989 9989

1996 4991 4977 4977
~ /‘,,7 1;?. ~Moment Dis tribution SAP IV

• Maximum Difference = 0.4 percent

Figure 23. Static Results - Rectangular Frame

It should be noted that the maximum difference in computed moments
occurred for load case 1. This is probably because the uniform load was
approximated by equivalent concentrated loads applied at the various nodes.
A more accurate analysis could be achieved by including more beam elements
in the numerical analysis.
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4.2 Response Time History of a Rectangular Frame (Figure 24)
Subjected to a Traveling Pressure Wave

4.2.1 Problem Descripti on

The same 10-by 10-foot rectangular frame considered in
problem 4.1 was struck by a pressure wave of 10 lb/in travel ing at
200 ft/sec.

tA 
= 0.025 sec

—I
-

W lO lb/jn
U, U)

t~ = time of arr ival
0

I, II

~~~~~~~~~

Figure 24. Dynami c Loading - Rectangular Frame

4.2.2 Finite El ement Model

The same 12 3-D beam elements as were used in problem
4.1 were used in this problem. The assignment of nodes and beam elements

— 
is shown in Figure 25.

~ l2O in
90 in

- ~60 jn

3 Cm .,.,.J

~~~~~~6 7
~~~~~

g ç
~lO~~—~-

Figure 25, Element Assignment — Rectangular Frame
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- 4.2.3 Input Data — Rectangular Frame - Travelling Pressure Wave

r~~r E R=~ ~rC1. FRA1- -
~E T R A V E L  ING PRESS.  W A V E

N )V t - . P=  1~4 
, NFl T Y P = 1 ,  NF= in , Nr) y N=?

T X (  1 ,1~~) 1  .1,1,1,1,1 .
T~~ ( ?  1 ?) = r ~,r~,1,I,1,n,
X YZT (i)=

- .

~< Y 7 T ( 1 n)= 12n.,9n.,
X V Z T ( i f l =120 . ,30 . ,
x Y 7 T ( 1 1) = 12 n . , r~.,
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

—

~~~~~ C ( 1) = 7 . 9 F 7 , . 3 , 7 . 34 F — ’ 4 , .2 8 4
• 

~ rpc ( 1  1 =4 • 4 ~~, , , . 1 36,~~.4,48 • I .
~c A V ( 1 , = 1 , 7 , 6 , 1 , 1

- 
r . ( ~~ )~~~~.6, A , 1 , 1

~ r A ! ( P ) = 8 , Q , 4 , 1, i

P r f t ~~~( 1 2 ) = 1 2 , 1 ~~~. 8 , l  ,~~
T F P P = 1,NFN=1 ,NA T = 3 , NT = 5 0 r 10 , r )T = .0 0 02 ,NO T = 1 n

1 1 1 ,- •1 • ‘‘ ‘ ‘  .
— ~‘ 0 ( ? , 1  ) = 1  •~~
• ~ PV ~.1 1 1.1 •3r )0 .

~l P ( 4.1) 1 .1 • 3flr -4 .
~‘P( c ,l) — 1  .1 ,lSr- .

~‘ P ( 5 , 2 ) = J . 1 , — 1 5 r ) .

~~P(  7,2) 1 .2 •— ~~fl0.

~\ ‘ P( P ,2 ) 1
r~D ( fl , j l =~ • -:

~,~~1 ~~~~

~JN° ,7 ) = 1  ~~~~~~~~~~~~
, D  ( ‘ r~ , 1 ) = 1 , , —3 1 0

N~~~( 1 3 , 1 1 = 1  ,3 ,_ 1t )0.
~ 1 ( 1 1= 0 . .  A 1(2 1= . n2 , A T (~ ) =

~LP (1) = ~ 1
T ( 1 , 1 ) = 0 . , T ( 1 , 2 ) 2.
r ( 1 , 1) 1 . . F ( 1 . 2 , = 1 .

r Vy V ?, T 1 - ’ I ) ( l , 1 ,-~,

t v vv c 7,

L

~ ~- 1 7 , 2 1 = 1 • 7 . . 6 • 7 , 8 • ‘ 1 2
- 

v c ( 2 , 4 1 = 1 . 7 , - 3 , 6 , 7 ,8 ,q , 12
T~~~ ( 2 ,5~~~~= 1 .7.3,~~,7,8,9.1 7
T~~ ( ? e b )  1

- T c ( 7 ,7~~= 1 •2 ,~~~~~,6 .7 , R ,9 . 12

1 - ~12 ’8 )  1 ~~~~~~~~~~~~~~~~~~~
- T S (  7 ,q )  1 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
7

-: 
1~~~ ( 7,11 1= 1 ,7,-

~ ~~~~~~~~~~~~
T~~~

( 7 ,17 ) 1  ,‘.~~,6 •7 , 8 . 9 . 1 7
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4.2.4 Results

C The first part of the results gives the eigenvalues and
mode shapes of the frame. Fig ure 26 shows the first five eigenvalues
and the mode shapes associated with the first three eigenvalues.

I
•

~~~~~~~~~~~~~~ I
‘
I

= 144.9 Rad/sec W~ = 566.1 Rad/sec

d

I 
-

• W3 = 923.7 Radfsec

= 979.2 Rad/sec 
-

= 1817 Rad/sec

Figure 26. Rectangular Frame - Natural Frequencies and Mode Shapes

- The displacement time history for node 7 is given in
Figure 27. Components 1 and 2 in this figure correspond to the x and y
di~p1acements , respecti vely. To obtain absolute results the normalized
va lues given in each figure must be multiplied by the normalized
values given in each curve. For the stress time history shown in Figure
28, component 1 is the axial force at node 7, component 2 is the shear
force at node 7 and component 3 is the out of pl ane shear force at node
7, zero for all time . All of these components act on element 7.

The displacement response of node 7 exhibits a period of
0.043 second, which corresponds to the fi rst mode vibration period.
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REC1 . FRAME TRAVELING PRESS. NAVE
-• NORMAL IZED DISPLACEMENT RESPONSE PT NODE 7

.2  . t~ .6 •~~~
•_•: _ 

~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~II~I liii tII~~If l t I I I I I J I t IJ IUt I J I  IIUIfl~J IIII I~ If : — - —

tJ,

H ~A n A A n f f iAAWnA :  
—

~~~~~~: ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

J - -0.0 .2 .4 .6 .8 1.0

TIME (SECOND)

NOR~i~ LI?E0 FACTOR: .8BteE_01

Figure 27. Nodal Displacement
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RECT. FRAME TRAVEL ING PRESS. NAVE
NORMALIZED STRESS RESPONSE IN ELEMENT 7B

~~0.0 .2 .4 .6 .8 1.(b

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —

~~~

0.0 .2 .4 .6 .8 1.0

TIME (SECOND )

COMPONENT 1
NORMAL IZEO FACTOR: . 119E+OL~ COMPONEN T 2

COMPONENT 3

Figure 28. Element Forces
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4.3 Static Analysis of a Polygonal Frame Under a Uniform Pressure

4.3.1 Problem Description

A five-member polygonal f rame was subjected to a
£ uniform load (Figure 29) of 10 lb/in. The corners of the frame were

on a 24-foot arc to simulate the geometry of a typical aircraft shelter.
• The members of the frame were W 12 x 36 with properties:

24 ft

Figure 29. Polygonal Frame - Stat ic Loading

I I A = 10. 6 j ~~2~ 1xx = 281.0 in~~ 1yy 25.5 in”
- 

- 

= 0.830 in” , E = 29 x l0’lb/in2 , v 0.3.
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4.3.2 Analysis by Equivalent Fixed End Force

4.3.2.1 Problem Description

The polygonal frame described in the Intro-
duction will be analyzed by SAP IV with the uniform load represented
by an equivalent fixed end force set.

4.3.2.2 Finite Element Model

The uniform load was replaced by equivalent fixed
L end forces for the computer analysis. Figure 30 shows the fixed end

forces that were placed on each element , and the length of eac h element.

27,288.8 in-lb wt2/12 = 27,288.8 in—lb

= 180.96 in~~ ~ wR./2 = 904.8 lb
+ t
‘904.8 lb

Figure 30. Fixed End Forces

— Five 3-0 beam elements were used in the analysis.
The assignment of nodes and beam elements is shown in Figure 31.

y

(0,300)
(199,274) (377 ,274)

1 6 (576,0)

(0,0)

Figure 31. Element Assignment — Polygonal Frame (Five Elements)
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- The local coordi nate system of a beam element
is shown in Fi gure 32. 

• k

I Figure 32. Local Coordinate System of Beam Element

The node k is any nodal point which lies in the local 1-2 plane
but not on the 1 axi s and is used to orient the element. For this
problem node 7 was used as the node K for all of the beam elements .
It should be noted that for elements 4 and 5 the node K lies below
the 1 axis and the signs of the output forces with regard to the local
~..uurd i n~te system are reversed.

4.3.2.3 Input Data — Polygonal Frame - Static — Fixed
End Forces

• A L • ~ * p 1 y ~ Q~ f~L FRA ~~L c , T A T  IC 1j~~IF. PRESS.  F IX U~ ~NU ~ ~~~RCE ~~~

I - •\
~~~~~ A P 7 ,~~ 4 F LT Y P 1 , LL i ,

Tx ( 1,b,7)= 1,1,1,1,1 .1,
- — 1  T X ( ?  L,)=l ,n,1,1 .1

X Y 7 T ( 1 ) =
Y y 7 T ( 2~~~~

,
~~. ,l6~~.,XY7T (3 )=1l’ .,274.,

— 

~~y7 T ( 4 ~~~=377, .276.,
‘~( V 7 T  I ~ • • ~- 
Y y7 T ( 6~~~~~~~~~~7’~~. ,f l ,

Y V7  7(7) r~, , 710. ,

~~~~~~~~~~~~~~~~~ , M l F~~F S=2 .~~ - ”PC= 1 ‘

1 ‘ •~~‘“~“ .~~ , • , . 7 7 2~~ F ,~~

rlr ‘ ~ ( 1  1 = 1 , 2 •7 .1  ‘ 1 ‘ 1
( ? I 2 • ~ .7, 1 .1 • I

-~r~~ ’ (1 1 =7 .4,7, 1 • I ‘1
n r A V ( 14 1 4 , 5 , 7, 1 . 1, 2
D F f \ C ( ’ ~ , b , f , , 7 , 1 , 1  ,•,

hIglEllk __
~~
-__ 

~~~~ 
—

~~~
-- _._

~~~
._-

~~~
- —.—--.--

~~
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4.3.2.4 Results

The moments In in/lb acting on the ends of the
various elements as computed by SAP IV are shown in Figure 33.

26,890 26 ,890

26,900 26,900

28 ,860 28,860~~~~~~~

Figure 33. Bending Moments for Polygonal Frame
(Equivalent Fixed End Forces)

— 
It should be noted that these values are all within 5 percent of what
would be computed by a moment distribution approach.

4.3.3 Analysis by Equivalent Concentrated Forces at Six Nodes

4.3.3.1 Problem Description

The five member polygonal frame (Figure 34)
described in the introduction was subjected to the uniform load of 10

• - 
lb/in. For this analysis the uniform load was replaced by equivalent
concentrated forces at the six nodes.

I 
~

- 
4.3.3.2 Fini te Element Model

• The uniform load was represented by the equivalent
concentrated forces acting on the six nodes. The assignment of nodes
and elements for this problem is the same as that described in problem
4.3.2.
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i
1637 j l.637

I I
532 V 532-

1012 
~~~~~~~~~~~~~~~~ 

1

1012

1A  ®
~N 1

1 93 1393

k~ ® \1280
280 /

861 SIL L 6 
861

1.

Figure 34. Element Assignment — Polygonal Frame

The concentrated loads refer to global coordinates x and y, therefore
the sign reversal that was j i~ent 10ii~ d tn  pr oble m 4.3.2 does not apply.

4.3.3.3 Input Data - Polygonal Frame - Static - Concen-
trated Forces at Six Nodes.

~~ ‘flfN= *POLy (~CN~ FR~~-~L- S T A T  IC iN IF. PkLSS.  F ORC~ 6 •~u~
)
~~S

~- I ’ ’ n r~P = 7  ,~~F LT Y P =  I ‘ _ L I ‘
T X (  1 • 6 .7 , = 1  .1.1,1,1,1,
! X ( 7 ~~~~ =l,f l,1,1,I,C,

- - Y V 7 T ( 1)
Y V 7  1( 2 1  ~ • •169 . •

Y Y 7 T ( 4 1 = ~~77 . ,2 74 .  ,
Y Y 7 T  (~~ I =521  • .1(~9. •
Y V 7 1 ( 6  ~ =576 .  . fl .

p r p ~~~ ’- ~~~~~~~ 1 ,rC~~ -~~c = 1  ,
r D ç  ( 1 1 2 .  ~~~ 7 .  • ~‘ , 7. 4 -Y~) F — 4  • .2h9 -

•

n r p . - ( I ~=1 •?,7,1 .1,1.-~r A • ,  I ~) S —~~~ ~ -, ,
o r  ~ ~ ( 3 =3 • /4 • 7,1 ‘1 • 1

~ 1 = .6,7.  1 , 1 • 1

~ L”t ~( 1 ~ 1 1 =~~~~~
- 1 • .—J~~ f l .  ,

r(~~~~~ r~~ ( 2 , 1 1 = 1 ~~~
) 1 . , — I f l 1 2 ..

‘L~~~~
1

~~~( ~, 
1 1 =~~

)
~~~7 .  ,—1 (~~7. ,

r 1M l ( 5 , l ~~~_ 1~~~~~.,_ . 1n 1 2 . ,  —

• 
~L~-~ - C t .  1 1 = — 8 6 1  • ,—28 ’ l . ,
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4.3.3.4 Results

The moments in in— lb acting of the ends of the
-

• 
five beam elements as con~uted by SAP IV are shown in Figure 35.

~~~~~~~1,519 1,519~~~~~~

Figure 35. Bendi ng Moments for Polygonal Frame
(Equivalent Concentrated Forces)

When compared with the results obtained in problem 4.3.2, these moments
• are grossly different from those obtained by either a moment distribution

approach or an equivalent fixed end force finite element analysis.

The reason that this equivalent nodal force
approach was attempted is that in a dynamic analysis loads must be ex—
pressed in terms of equivalent nodal forces. As expressed in problem
4.3.4, a much more accurate analysis is achieved when the finite element
model includes more nodal points.

4.3.4 Analysis by Equivalent Concentrated Forces at Sixteen-
Nodes.

4.3.4.1 Problem Description

For this analysis the uniform load of 10 lb/in ,
acting on the polygonal frame described in the introduction , was replaced
by equivalent concentrated loads acting at 16 nodes.

54
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4.3.4.2 Finite Element Model

Fifteen 3-0 beam elements were used in the analysis.
The assignment of nodes and beam elements Is shown in Figure 36, along with
global coordinates of the various nodes.

I 
Y (199~ 274)7 ., ti~~~~~~~~~~~~~ 4)

( 377 274)

r
I 103 ,2o4 ) 5/~~~ 

- 

©~~.4~~
(473 ,204 )

(55 169)4j ~~~~~ 

“
~~~~~~3 (521,169)

I®
539 ,113

?/1 (18 ,56) 
-\15 ( 558 ,56)

1 16 (576,0)

Figure 36. Element Assignment - 15 Elements

As stated, the uniform load was replaced by con-
centrated loads at 16 nodes. Figure 37 shows the x and y components of
the loads that were used in the finite element model.

_ 

~~~~~~~~~~~~~~~~~~

287 16 287

Figure 37. Polygonal Frame - Equivalent Concentrated Forces (16 Nodes)
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4.3.4.3 Input Data - Polygonal Frame - Static - Concen-
trated Forces at 16 Nodes.

HF~~
1
~FR=* PO LY ( ONA. L F R A - F  S T A T  IC U~~IF. LOA0 CuNC . LUAD > 41 i~ NUDES

~‘~~‘4 ’NP=1 7, N F L T Y P = 1  ,LL=1 ,
T X ( 1 , 1 6 , 1 7 ) = I , 1 , 1 , 1 , 1 , 1
1X (7 1~~)=r~,0,I,l,l,fl,
X Y Z T ( 1 )
X Y Z T ( 2) = I R , , 5 6 . ,

X Y Z T ( 3 ) = ~~
7 .,111.,

X Y 7 T ( 4  =5 . ,16c ~.,
X Y ZT ( 5 )= 1 1 3 . , 2 r 54 . ,

X Y 7 T ( 6 , = l c’ .,?39. ,
Y y7  1( 7 )  =iqq . • 276 .,
X Y 7~~~~~( 8 )= 7 ~~~~~~~, .774 .,  . —

X Y 7 T ( 9 ) = 3 1 8 . ,2 7 6 . ,
Y V 7 T ( 1 l ) = 7 7 7 . , 2 7 4. ,
)(Y7T(11) 42~~

-.,23Q .,

• - X Y Z T ( 1 7 ) 4 7 7 .,214.,
X Y Z T ( 1 3 ) 52 1.,169. ,  =

• X Y 7 T (  14) :c19. ,113.
X Y Z T ( I~’ ) - 5 5 P ~.,56.’
X Y Z T ( 1 6 ) ~~~ 76., 

-

) (Y Z T ( 17 ) , 3 1 0 .,

— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~
‘-. ‘.r, ,- , 1 _ )  f l r 7  - 7 ~~~2 U r  / .  - -, Q Q- r ’  -‘ c~- S - - 5 -— - - ‘ - - -

PFP( ( 1) = 1n .~~, ,, . 83 ,75.5 ,?~~I.,PrA~~ ( l , l,7 ,J 7 , 1, I

~ F A ’ -’( 2 ) = 7 , 3 , 1 7 , I  ,1
P~~A~~( 31= 1 .6 , 17 , 1,1
P F A ~~( 4 ) 4 , 5 , 17 , l , 1
RPA~ -’ ( 5 )  = ‘ ,6,1 7,i ,1
r~~ A~ t ( b ) 6 , 7,17,1,1
P F A M ( 7 ) = 7 . ~3,l7 ,1 ,1

R~~A M (f l9 , 1 f l, 17 , 1, 1
O FA ’ - ’ (  ill = 10,  ii , i~~, 1, 1
fl~~’\M( 1 1 )l1,i? ,1 7 , I ,l
PFM ( i 2)~~1~~ ,11, l7, 1 ,1
o r ’  

~~ ( 1  ~ I = 7 I , 1 4 , 1 7,  1 • I
n r ( i4) 14,1~~,17 , 1,]

-~ (I ~ 1= 1  ~~, I ~ ,17,1 ‘1
~~! ~r~( 1,1)=’~~7. ,—93 .,

I L ’ -~’) I  5~~~ 7 ~ f 1. • — t ~~ h.
(LMf l(4 , I  ) =4 6 5 . ,— 3 3 7 . .
( LA1 (~’ , 1) =I’~4. ,—48 8. ,

‘ l~~° r - ( 8 , I , = ,—601. ,  
U

‘~r-~ ( 9 , 1 1  ,— 60 3 . ‘ -~~~~~

(L~-~~(l’ .I7— 1 7 8.,— 546..
CL’A ~~ ( 11,1 7~~ —3 54 . ,— 4 8 8. • =
c L - ’ ( 1 2 . 1 1 —

~~~~54 . ,— 4 1-
~~8 . ,

(~~~~~ A f l (  ~~~ ‘ = — f s 6~~~• ,— ~~~17. •

— (1 .Ar \ ( 15 , 1  1=~~c7 1•.~~ i~~~~. ,

~ L M n  C 16,11 =— 28 7. ‘—1 ~~6 . ‘ 56
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4.3.4.4 Results

The moments in in-lb acting on the ends of
elements 1, 3, 4, 6, 7, 9, 10, 12, 13 and 15 as computed by SAP IV are
shown in Figure 38.

23 ,460 23 ,460

23 ,500 23 ,500

• 

25 ,050 25 ,050

• Figure 38. Bending Moments - Polygonal Frame (15 Elements)

The maximum variation from moments that would
be computed by a moment distri bution approach for the uniform l oad Is
16.3 percent. A more accurate analysis would be achieved if the uniform

“ load were distributed to more nodes. However, a simpler and more accurate
static analysis is achieved by replacing the uniform load with equivalent

4 
- fixed end forces as exemplified in problem 4.3.2. This technique of

expressing a uniform load in terms of equivalent fixed end forces Is
- reconinended in the SAP IV manual as a method by which uniform loads

may be specified for a static analysis. However,- for a dynamic analysis
(nrnhlom 41.11. ~ i,nifrn’ni 1n~ t1 m,,~~ ho ov n,-o~~~od in t o~’m~ of nodal forces

i r ~~~~~~~ ~~~ ~~ii ~~~~~ i~~t u t mic analysis.
F 4.4 Response Time History of a Polygonal Frame Subjected to a

Traveling Uniform Load.

4.4.1 Problem Description

The five-sided polygonal frame discussed in problem 4.3
was subject to a pressure wave of magnitude 10 lb/In traveling at 1000

- 

- 
- 
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ft/sec. As in problem 4.3.4, the uni form load was replaced by equivalent
concentrated force acting at 16 nodes (Figure 39).

_ 465

—E’ V

~I/ \i~~~.JZii~2~ tA5 ~~~~~~~~

I
~~

’

tA1 
tAi= Arrival Time Value tA5 1N~

_
~7

I - 

-- 

Figure 39. Polygonal Frame - Dynamic Loading

The Indicated loads are In units of pounds.

4.4.2 Finite Element Model

The same 15 3-D beam elements used in problem 4.3.4 were
used for this dynamic case. Also , the assignment of nodes and beam
elements for this problem was the same as for problem 4.3.4.

.4
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4.4.3 Input Data — Polygonal Frame - Traveling Pressure Wave

HFAfl FR =* POLV .  FRA ~-~ . T~~A V •  t I E .  LO~
[
~ ] OOO F PS 1~ L R S./ I N .

MI I P= 17 , r LT y P = 1 , F = 1 r ~,Nf ly N=2 ,
T~~ ( (  I ,16, 17 ) 1,1,1,J  ,I,1,
T X ( 2  ~~~~~~~~~~~~~ 

,1,0,
Y V 7 T ( 1 ) =
Y Y 7 T ( 2 ) 1~~,,56.
Y Y 7 T V 4 ) = 7 7 .,ll3.,

-

V V 7 1 ( 6 7 = 1~~ 1 .,?79 ..

I
Y V7 T( 8~~~~=7~~~~

Q . , 77 4 .,

Y Y 7 T ( l f l ) ~~~ 77 ..2 7 4 . ,
X V7 T (1 1) = f~?5.,239.,
X Y7T (1?)~~ 4 7Is,204.,

~
(V7T (1

~~
) 5 7I,,]69.,

X Y 7 T U 6 ) ~~~~76 . ,

~I~~rA 5 , = I~~.P . i PC= 1, C PC = 1,

0P PC (1 ): t r .6,,,.R 3,75.5,7~~l.,

prA ~~(2~~~2.I,17,1,i
~~~~~ ( 3  = 3 ,4 , 17, 1  , 1

O~~~A t ~ ( 4 )  =4 • 5,17,1,1
• 

P R A M ( 5 ) 5 , 6 ,1 7 , 1 , 1

o F ~ (6~~~6.7,17,1,J

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
nr~~~ ( 1 r s )~~1r- ~,11, 17, 1 ,1
r~r~~ ’.~ ( 1 1 ) ! 1  . 1 2. 1 7 , 1 ,1

7)  12 ,11,17 ,1,1
r~ri~v ( 3 - l ) = 1 I , l4 , 17 , 1 ,1
Dr,~.. c  141 1 4,1 5.1 7,1,1

~ ~
- ‘ (15 1 = 1 5 • 1 6 , 17, 1 • I

~~ )(  1 ,17 1 _ 1  •?A7.

~~ C I ,2 I = 1 • 1 ,— 9 - 7  •
M1~~( 7 ,1 ) 1 .1.57 ~~.
~‘~~~( 2 ~2 1 = 1 • 1 ,— ~1 Rf,.
~Ir ) ( -

~~~,1 1= 1. 1 •5 7 3 •
P~ c 5 (  ~ ,7~~= 1 .1 •—1 R. .

rI C A , 1 1 = 1 • .4 6 ~ -
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Input Data — Polygonal Frame - Traveling Pressure Wave (concluded)

~~P ( ’ . ? 1= 1  ~~~~~~~~~~~~~~

~“°(~ - ,1 ~~~~~~~~~~~~
~‘ P(~~ ,2 ) = I  •~~,— 6 8 P ,. .

~
‘
~~~
‘ (6 .1 I 1 •~~~~,2 54 •

~~P (  6 , 2  } 1 ,2
‘ ! P (7 , 1) = 1 ,3 , 17 8 .

— ‘ I P ( 7 ,2 ) = 1 . 3 ,— 5 16 .

~ P ( P , 2 ) = 1  ,~ - , — 6 rs3.
—

4~~~( Ir’ ,l 1 = 1  .~~.—I 78 .
~ P C 1 f l , 2 ) = 1 . 7 ,_ 546 .
~~D (  11,1 ) 1  •4.— ~~~~5 4.

~~°( 11 ,7 ) 1 ,/L ,— 4 F - 3 8 .  =

M P(  12~~~~? ) 1  ,4 , — 4 8 8 .

~
1 P ( I 7 , 1 I = 1 , 4 ,— 4 6~~.
P ’ t I ~~~~f ? ’  ~~‘+~~

— ‘ -
M p (  1 4~~~~1 ) 1  ,c ,_573, -.
~- P (  1 6 ,2 1 = 1  •~ - , — I86.
\~O (  1 5 ~~~1 1= 1  ,~~~, — 5 7 7 , —

• 
~~° C 1 5, 2  ) = 1 • , — 1  86.
~ n h l6 , i , = 1 ,c ,— 2 8 7 .
M D(  1( ,2 ) = 1

A T ( 1 ) = f l .,f~T ( 7 ) = .0fl7 1,~~ F ( 3 ) .0 7 , A T ( 4 ) . O I 3 9 ,4 T ( 5 ) .U/ + 3 6

~L° ( 1 1 = 7 , 1
T ( 1 , 1 ) = 0 . , T ( 1 , 2 ) 2.

- N— c (  1 •I )= I . .~~( 1~~2 I  •
Y V V 2 .
T C f lM p(  1 ,6 ,7, l f l ,13 , I6 ) 1,? ,3 ,6

V k V  r =7

I~~~(~~~q 1 ) 1 , 7 , ’~ , 7 , 9 , 1 7  -

T ( •4 ) 1  • 2~ , 7~~8 • 1?

T~~~(7 ,1r ’ ) = 1  •2 ~~~~~~~ , 7, R ,1 2

- ( 2 ~~1 f l ’  • 2 , .’~~~,7 ~~~~8 , 1 2
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-~~ 4.4.4 Results

The first part of the results give the first 10 eigenvalues
and elgenvectors of the frame. Figure 40 shows the first three mode shapes.

/ 7 -~~~~ ZN~- 
,‘~~~

(Iv

ii \\
- II \\

/ = 56.5 Rad/Sec

--

H
I. 1/  \\ii - 

\ \I -  
- ,  \\

- ‘
~2 

= 123.9 Rad/Sec

~~~~~~~

H• 1  1/ \
/ \ -

f = 226.4 Rad/Sec
- - Figure 40. Polygonal Frame Elgenvalues and Elgenvectors
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Time—history response curves for node 7 are shown in Figures 41
and 42. Components 1 and 2 refer to the x and y motion , respectively.
The rotation response curves refer to z-axis rotation. The expected
period of vibration for all of these curves is approximately equal to
the period of the first mode of vibration of 0.1112 second.

POLl. FRAME 1 APV . UNIF. LORD 1000FF’S 10 LBS./[N.
NORMALIZED DISPLACEMENT RESPONSE AT NODE 7

V 
~~o~o .2 . ‘& .&

~Ii l i I I is~I,IliIIii~i1lIIiIII Iiiiiiii~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
V __

~
..A ~AAA ~A~~ ~ ~\ ‘ f\ ~j 1! 

1
!\J 

~~
1\j ~I

I 

~~~

TIME (5ECONDJ

N0~~ MRLI7E0 F~~~CTDR: - 196E+O0

Figure 41. Displacement Response
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POLl. FRAME ThRV . UNIF. LORD 1000FP5 10 LBS./IN.
NORMAL IZED ROTATION RESPONSE AT NODE 7

DO.O .2 . t~ .6 .8 L(t
. _ —  —

AiR

..~ ..

0.0 .2 .‘~ .6 .8 1.0

TIME (SECOND)

NURMRLI7EO FACTOR: . 128E—02 
COMP ONENT 6

- 

Figure 42. Rotation Response
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For the time histories shown in Figure 43, component 1 is the
axial force at node 7 and component 2 is the shear force at node 7.

• All of these components act on element 7.

POLl . FRAME 1FiAV. UNIF. L ORD 1000FPS 10 LB5./IN.
NORMALIZED STRESS RESPONSE IN ELEMENT 7B

.2 .4 .6 .8 L~ b 

—

- 
. 

.
~~~

— 

~~~~~~~~~~~~~~ ~i i j ~~i~~i i i  I I lI i I I l I I I I II I I l I  i i i i  ~i i i i  i f i i s i i i ~t i f i i i i i ~iii — — 

—

~~~~~~~~~~

~~~~~~~~: 

~\~
4 ’W/\Y ,

J\
\
~~

’

I

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

:

~~

r .- - -.. - .-~-.

1 
0.0 .2 .‘e .6 .8 1.0

TIME (SECOND)

NORMqL I7E0 FACTOR: .SOI~E+0&~

~~~ Figure 43. Force Response Element 7
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4.5 Response—Time History of a Reinforced Concrete Polygonal Frame
- 

4.5.1 Problem Description

A five—sided polygonal frame with geometry similar to
- the frames discussed in problems 4.3 and 4.4 was subjected to a travel-

ing pressure wave. The frame was made up of members that were 2-foot
sections of a reinforced concrete covered corrugated steel arch air-
craft shelter. The cross-section is shown in Figure 44.

I - 24 jn _ _ _ _ _

3 in 6 in~~ ~~ 
12 in ~~ -~ ‘.4s ix~

— _______ 

I I I 1 
______ Reinforcing bar

l2 in 
i’

~~~~~~~~
4r&

~1 

l8 in

~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~ a~~~,

I . ______

— I ~~~~~~~~~~ i~~s ~
- .2(~~ ~~~~~~~~~~~~~3 in 

~_
_

~
-

~

- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

-

, \~~~~ .1~.é&~~’ 14 in
No. 4 Stirrup ~~~~~~~ . •
No. 4 Reinforcing bar

3/8—in—Diameter Nelson Stud.

Figure 44. Shelter Section

For the analys is an equivalen t re inforced concrete sect ion was chosen
- • by matching flexural rigidities of the uncracked sections. This section
- is shown in Figure 45.
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- . . 
- : . . - - . 3 m

—

A = 5.22 in2
7.. 7½ in

.4 in• _ _  _ _

- 

.- o  ‘
: ..

— Figure 45. Equivalent Reinforced Concrete Section

Steel in the lower portion of the model with an area of 5.22 in2
was selected to match the area of steel in the corrugated steel panel
and was placed at a position which coincided with the center of gravity
of the steel panel. It should also be noted that the area of concrete
in the lower portion of the model was equal to the area of concrete in
the steel panel .

The approximate moment of inertia of the shelter section cast in
the corrugated steel panel was determined by tr~-~cforming the rein-forcing steel and panel steel into an equivalent amount of concrete.
Two methods were used. The width of the cross-sectIon was treated as 24
1/2-inch wide strips. Using this technique , the moment of inertia of an
uncracked 2-foot wide section of the shelter was computed to be 56,034

• ins. The moment of inertia of the uncracked equivalent reinforced section
- 

• (Figure 45) is 58,665 ink. This Is a difference of only 4.5 percent.
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The method for si~ecting the equivalent stiffness 
of a concrete

section to use In a dynamic analysis has previously been discussed.
Using these procedures an effective stiffness of 36.189 j~~k was used,
along with an area of 711.8 in2, a torsional rigidi ty of 20,000 in an d
a weak axis flexural rigidity of 20,000 in” It should be noted that
the latter three values do not affect the results of this analysis.

The pressure wave used for the analysis was selected to model the
free field overpressure data traces from the mixed company event at a
range of 600 feet. The wave selected had a maximum pressure of 36.7
psi , a duration of 160 milliseconds and a velocity of 2000 ft/sec.
The wave chosen is shown in Figure 46.

£

50 100 150

time (milliseconds)

Figure 46. Pressure Wave
- 1 ~

For the 2-foot wide sect ion, the peak pressure of 36.7 psi was
equivalent to a uniform load of 881 lb/In, which was replaced by
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1!
equivalent concentrated forces acting at 16 nodes. These equivalent
forces are shown In Figure 47 and are also in pounds.

o 0 0 0 0
.-, ~~

.
o o 0 0 ~~
~~i 

m j  ml col c—i
0 ~ it, lt ~ ~~~

H- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

25:4o_4~i 

tAR 0 

- 

tAR = 0.02

w

Figure 47. EquIvalent Nodal Forces - Concrete Polygonal Frame

The arrival times in seconds, of the wave travel ing at 2000 ft/sec are
also indicated In the sketch.

4.5.2 Finite Element Model

The same 16 nodal points used in problems 4.3 and 4.4
were used for this analysis. Fifteen 3-0 beam elements were used to
model the five—sided polygonal frame.

J 
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4.5.3 Input Data - Concrete Polygonal Frame - Dynamic — I

H~~Af l FR=~~P~~LV . FRA ’ -IF ‘IXEO CO-~PA~ Y 500 FT. 2~~flfl FP~
J~~N P = 1 7  , ~rL TY P = 1~ NF = 1o~ Nr Y N  =2

• T X(1,16. I~~)=l, ’ ,1,1,1,1

XV7T (11 =

XYZT ( 2  = 1 ~~. , 56.
X V ?  T ( 3 )  3 7.,  113.
X Y ? T (4 )= 5 5 . ,169.

X Y 7 T ( 5 J = 1’~3.,2 r6.
Y Y ’ T ( 5 ) ’~ - 1 , ,2 3 9 .
X V 7 T ( 7 ) = 1 O ~~.,?74.
y V 7 T (~~~~~~7~~ Q • , 7 74 ,
X Y ? T ( 9 ) =~~~ 1 8.,276.
x Y 7 1 ( ] n ) =3 7 7. ,2 74 .
XY?T ( 11 ) 675.,2? 5.

— V V 7 T f 1 ? ~~~~/ 7 2 , .? r ~4..

X Y ? T ( 1 3 ) = 5 2 1 . , 1 6 9 .
Y Y ? T ( 1 / . ) =5~~9.,113.
y v ? T ( 1~~~) 5 ’ ~~~. , 56 .

y V 7 T ( 1 7 ) = ~~.,~~r~r~.,
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

1 ‘‘ (1 = 1 • 7 • 1 7 •
~~(2 ~~~7,~~.17,1,1

n r r - ( 4 1 6 • 5 , 1 7 ~ 1 • IL) r p .(~ - ) ~~ -- .6 , 17 . i ,1
~~r~~~~ ( 6~~ =6 , ’ , i 7 ,1  .1

fl~~~~~~~”(  1’-~) =~ r~.1 1 , 1 7 , 1, 1

n r A--( ii ) 1 . 1 2 , j 7 , 1  •i

r-~r A . ( 1 4~~~~11, , 1~ •17 ,1 ,1

\iF~~= 1 ,t T=5,~~T=?flr ,~~JT=~~,Dt= .201 I
.11 1.1 , ? r 2 4 1 .

1 , ) 
~ 1 • 1 •— ~~ 7 r f l .

~~
i D (  ~ • 1 = • 1

‘ ‘ P C . 7 1= 1 . 1  • — 1
cP ( ~~.1 ) 1, ~

~ r~( 7 ,2 , 1  •~~ • — 16’ - f l ’~.
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Input Data - Concrete Polygonal Frame - Dynamic (Concluded)

t’~P (E4,1)=l ,7,4O84Q.
\

~P(4,2 l.7 ,—79670.
~~
‘P C ’

~,,1 ) 1 ,2 , 3120 0.

~~~
(
~~ ,2 ) = 1 ,2 ,— 4 7 9 L ~fl.

~‘~~~( ~,1 1=1 .7 .~~17fl0 .
r~P i 6 , 2 ) = 1  ,2,—42~)4n.

~P (7 , 1) =1,3,156r)f l ,
~‘!~~~ 

( 7,2 ) = 1 . ~ •— 4 8 0 ]  ~ .

~‘~ ( R ,2 ) = 1 , ’ ,— ~308r ’ .
N P (  1r~,1 ) = 1  ~~~~~~~~~~~~
MD(  i r ~,7 ) 1  . 3 .— 4 8fl1(~.
M?D ( ‘ l’l ) 1  . 6 ,— ~~12 ’( ) .

~P (1 1,2) 1 .4,—t~29~~’.NP ( 12~~1 1= ’ ,4,— 31200.
• N~’(12,fl 1 ,4,—42940.

‘~I P( 13,] ) 1  ,4,—’~fl84fl.
N P (13 ,2 )1 ,14.—29 f-7(’.

~N14,1)=1,’-,— ~ n480.

1 c~~~~1 ~
=,  

~~~~~~~~~~~~~~~~~~

P~t (~ ( 1 A ,1 = 1  ~~~~~~~~~~~~~~
~~~~~~~ 1~~’7 ) 1. .~~,— ~??0f l .
A T ( l ) 0 , A T ( 7 ) = . 0 0 2 3 . A T ( 3 ) = .fl 3 , A T ( ~4 ) = . f l i 5 7 ,A T ( f l =.,~~1(

~ i P C i  1 =5 , 1.

V V V =2 , I S r)-= 1

v~~~ S=2
T~~~~~

( 7 , 1 )= 3 ,2 , 6 ,7 ,8 , 1 ?

1S (7,4)=i,2, ’-, 7,8,l?

T ’ - (  2 .1’~) 1  ,?,6,7,8,1?
T c ( ? , 1 3 ) 1 .2,6.7,8.12
1~~~~~C ? , 1~~~~~) 1 , 2 .6 ,7 , 8 , i ?

I—
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4.5.4 Results

The first part of the results gives the first 10
eigenvalues and mode shapes. Figure 48 shows the first three mode shapes
an d frequencies .

1’

I
’

w = 203.5 Md/sec
3

Figure 48. Concrete Polygonal Frame
Eigenvalues and Elgenvectors
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The fi rst natural frequency of the reinforced concrete polygonal
frame was 50.9 rad/sec.

The first natural frequency of the steel polygonal frame was 56.5
rad/sec. The na tural frequency of a beam is give n by

= n2 cWtI/AA

The members of the steel frame ha d proper ties : E = 29 x 106 psi ,

I = 281.0 ink , A = 10.6 in 2and A = 0.289 lb/in 3 .

The quanti ty under the radical is equal to

/EI/AA = 5.158 x 10”

The members of the reinforce d concrete frame ha d properties :

E = 3.64 x 106 psi , I = 36,189 in ” , A = 711.8 in 2 and

= 0.0839 lb/in 3.

The quantity under the radical is equal to

,‘ti/Ax = 4.696 x 10”

The results of problems 4.4 and 4.5 are shown to be consistent since

Wst/Wconc = 1.1 I

and

/tI/Ax st = 1.10
conc

As a further example of the results consider the displacement
response history at node 7 as seen in Fi gure 49. Components 1 and 2
correspond to the horizontal and vertical displacements , respecti vely.
The horizontal displacement has a period of 0.125 second which corn-
pares well with the expected period (from first node) of 0.123 second.

~~~~~~~~ ~~~
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POLl. FRAME MIXED COM PPNI 600 FT. 2000 FPS
NORMAL IZED DISPLACEMENT RESPONSE AT NODE 7

oO.00 .05 .10 j5 .2~
- 

~~~~~ —I— I —I I I I I l Ij  I —t I —I t i l l  i~~~~~I l i i i  I i  I I ~~~~~~ I l i i i

~~ /
‘

~~\

I

... I i  1 4 1 1 1 1 1 ( 1  1 1 1 1 1 1 1  i— I I l i l t  ~ l ( I i I i i i i I i

0.00 .05 .10 .15 .20
- 

TIME SECOND )
COMPONENT 1 

_____NORM~L1ZE0 FACTOR: .SIOE+0Q 
COMPONENT 2 

-—

Figure 49. DIsplacement Response History
p Concrete Polygonal Frame
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5. Plates

5.1 Square Plates

5.1.1 Load Functions

A s imply supported square plate is subjected to the
following l oads:

Case 1. Static point load at center

Case 2. Dynamic point load at center wi th the ti me
history shown in Figure 50

Case 3. Static uni form pressure
Case 4. Dynami c uniform pressure wi th the time history

shown in Figure 50

P.F

0.002 0.01 t
~sec

Load - Time -listory

z z
4 1  4 1

F(l b )
1 4 1/4(m )
/ (in) 

P(psi)

~~~
- y 

~~~~~~~~~~~~~~~~~~~~

~t~ure 50. Square Plate - Static and Dynamic Loading (Continued)
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0 —~~
,y _*y

20 in

41.... 4O ifl
‘—I

20 in

4O in 4O in
‘ p  x

Point Load Distributed Load
Material: Steel

- 

Figure - 50. Square Plate - Static and Dynami c Loading (Conclu ded ).

5.1.2 Finite Element Model

Since this plate is symmetrical wi th respect to the
x-axis and the y-axis with origin at the center, one-quarter of the
plate is sufficient for this analysis. Four thin plate elements were
used with the location of nodes and el ements shown in Figure 51.

FINITE ELEMENT MODEL
7 —

8 9
(Th 10 in Numeral - Nodal

number
5 
_ _ _  _ _4 L) - 0 - Plate element

V 1 

number

~.j jlOin lO in

Figure 51. Element Assignment - Square Plate
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5.1.3 Input Data — Case 1 — Static - Point Load at Center —

• HFAflER = * S T A T I C  A NA~~Y~~IS OF SI~-1PLY S UPP- ) RT EI )  ~E CT 4 ~-~G uLA~ ~L AT ~ -

Mu\~’t P =9 ,NrLTy P= 1,LL=] . , -

I X f l ) = 0 , t , 1 , f l , ], 1  
-

T Y C 2 1 fl,~~.fl,~~,1,1 
-

T X (  ~ )=‘ 1,C, ,0 .1 ~l .1 -—

TX (7 ) 1,1.1,0,0,1 -
JX (R) 1,r’ .l,fl,O,l

Y Y 7 T ( 1 ) ?C’ .

V Y 7T ( 2 )~~~~~~~ n. , lf l .,

Y V 7 T ( ~~~ ) 7 � ~~. , 7 f l .

X V 7 T ( 4 ) 1~~~~.•  - -
X V ?  T ( 5 1 = 1  ~~. .10..
X y 7 T ( 6 ) 1r~. .70..
XYZT (7)=
XV7T (8) ,l fl.
Y y 7 T (Y~~~,’r~.
N P LATE 4 ,~~N f l~~~1. -

• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
P4 A T r ( 1  6~~~ .75 —

J P~~~T F ( 1~~~1.2 , ’~ ,4 ,,1 - -

r TP L~~T F (~~ 1 4 , ~~,R,7 , , 1  -

- 

ii
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5.1.4 Input Data - Case 2 - Dynamic - Point Load at Center

HEAf ) ER =* DY~~A~~IC A N A L Y S I S  UF A S I - P L Y  St i PP~~~1LL) ~LA ! L
N1 M P=9,NFLTYP~~1,NF= 1r ,NflYN= 2 ,
T X f l  ~~~~~ • 1 ~~~~~~~~ XYZT (1)=20 .,
T X ( 7 ) ~~~.’~.0.fl,1,1, X Y Z T ( 2 ) 20 . ,1Q .,

XYLT(3)=2r4.,70.,
I Y ( 6 1 =n • 1 • 1 , r-

~ ~ .1  , XV Z T (4 ) =10. ,
TXN~)=n,r’ ,fl,n ,o,1, XYLT (5 )=1fl.,lo. ,

XYZT (6)=10.,20.,
IX (7 ) 1 .j .i .0.0.1, X y’ZT (7)

XY7T (8)=fl..lo.,
TXVfl = i , r’.l ,l, fl , l , XYZT (cfl = rl.,20.,

~‘PL ATE=4 , P-~\I~.);~i= 1’
P~ PI ( 1)= .oflfl7346,,.,3.375E7,1.125E7,,3.37~~E7,,1.j2~~L1 ,
PLA T F (1 4 = .25,
I PL ATE (1) =1 .2.5,4,, 1.

TPLI \TEV~)=4,5,3,7,,1
T P L A T E ( 6 ) = 5 , 6 , Q , 8 , , 1,

PP=1 ,NF N = 1 ,NT= 1r 1 r~n .NOT= 1fl ,0T=.non1

~LP (1 )= 4,— 2~~.T ( 1  • 11=0. • 1 (1.2) = .002 .1( ]~ • ~ 
) = .çy4 .T (1,4) = 1.0

F C i  ,i ’ =0., F ( 1  .2 )  = 1• 0, t- ( 1  • 31=0. , F (1 .4 1
V V K 2

• r r f l M p ( 1  
~f l =l ,? ,3 . 4,5 . 6

vVvc =2
I S ( 6 , 1 )= 1 ,? ,~~~- , 6 . 5 , f~

rc (~ -, 2)=~ ~~~~~~~~~~~~~~~~~~~~

T S ( 6 , 4 ) = 1  ~~~~~~~~~~ ,cS • ( ~
T~~~ (~~ , .4 ) = 1  ~~~~~~~~~~~~~~~~~~
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5.1.5 Input Data - Case 3 — Static Uniform Pressure

H F A P F R=* S T I \ T I C  A N A L Y S I S  OF SI~~PL T ’ S U P P O P T E )  RECTANGULAR P L A T E
N11 p9 , N F L- 4 .y p l,LL I,
t X C I )  0.1 • 1 ,0,i.1
T X ( 2 )  0 , 0  .0 .0,1.1
I X C ~ I =0 ~~ ,‘‘ , 1 .1 ~ 

-I 
—

y ( /~ ) 0 , l  • 1 ,n ,n , 1
T X  C ~ ) =0 ,r~ ~~~~ ,n .0.1
T X C ( ~)=0,r’ .0,l,0,1
Y X ( 7 = ] , 1 . 1 , o , o , 1
T X ( R ) = 1 , o , 1 , n ,0, 1
J X (°)=1 ,o,1,1,n,i
XY?T ( 1 ) = 2 r .
Y V 7 1 ( 2 ) = 7 n .,10. .
YY7T (~~ )= 7rI .,2fl.
XY7T (4) tr~.,

: XV? I C ~ ) J 0. ,ifl. ‘
Y V ? T ( 6~~=ir~. .20 .
X Y ? T ( 7 )
)(Y?T ( 8) ,1 ~~.
X Y 7  1 ( 9 )  = .20.

~ PLAT E= 6,pNr~~’=1.
O~~LM[ 1 .

P t A T F ( 1  4 ) = .?~~,— 7 5 .
T P L ATF -1 ( 11= 1 ,2 ,5,4 ,.i
TPI A T L ( 2 ) = 7 . ~~ ,E~,5, ,i

~ IF C 3 =~~ ,5 ,8 ,7 ,  .1

• I~ 4 ’ l  ( 1 )  = 1.,

. I .
78

_____  - ~~~~~~~~~~~~~~~~~~



- - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-V.!

- ~~~~~~~~~~~~~~~~~~~~~~~~~~ - -

5.1.6 Input Data - Case 4 - Dynamic - Uniform Pressure

HFA 1~FR * D V N A M J C  t ’ NA L V S I S  OF t- SI —1I ~LV SLJPPURTFf) -~L A T E
£- 4 HMN P= 9 , NFL T VP = 1  ,NF= lf l ,NoYN 2 ,
I X ( i )  =0,1 • 1 . 0, 1  , 1 , XYZ 1 (1) =2~~. ‘
TX (7 )= 0,0,0,0’l’], XYZTC2)=20.,1O .,
I XC 3)=fl,o,0,1,1,1, XY ZIC 3)=2 0.,20.,
T X ( 4 ) 0 ,t , 1  .0,0,1, X V L T ( 4 ) = 1 0 . ,
1X C 5 ) = 0 ,c ) , 0 , 0 , 0 ’ l ,  X Y Z T C 5 ) 10.,10.,
T X C ~ - )~~0,1,0,1,0,1, XY7TC6)=10.,20.,
IX (7 )=1,1,1,0,fl,j, - X Y Z T ( 7 ) =
T X C P 1 = 1 .0,1 .0,0,1 , XV ? IC R =0. ‘10. ,

XYZTC9)=fl .,20.,
NPLA TE~~4,PN~~~~ 1,
P~’ P 1 ( 1 ) .nfln7 3 4 6, , , ,~, .j i 5 F7 , 1. 12 5 E7 , ,3 . 3 7 5 E7 , ,1 . 1 2~,EI,
PL/ ~T E ( 1  4~~= .25’
T P L P - T E C  1~~=1 ,2 ,~~,4,, l
i PL ~ IF C 2 1= 2 ,3 ,6 ,5 ,  • I

•1
TP L~~T~~( 6 1 =~ - , ( -- , 9 , 8, ~ITFpp = 1 ,NF ’~= 1,NT= ]oon,N 0I= 1fl,DT=.noo 1

~‘PC4,3)=1,,—125.

~- ° C ~~ , 3) = 1. ,— 2 5 n .

~P (~ - ,~ j = i,  .— 12 5 .

~‘ P ( P . 3 ) = 1 . . — 1 2 5 .
‘ P P(  ~~~~~~~ ) 1  • ,— 6 2 . ’

~‘I D C I  I 4 ,1  •
IC  1 • 11= 0 .  • T C 1 ‘2) = .0 f l2  ,IC 1 , 3)  = .01 ,TC I ,4 I = 1.0
F ( 1  ,1 ) =~~ ., F ( 1  ,2 ) 1.0 ,F C l ,  ~ 

) =0 , ,F C l  ,4 1=0.
V V ~~~~~~~ 7

Irfl~- P ( i  ( f ~~~~= ]  ,? ,3 ,4 , 5 ,( )
k VK S = 2

Tc (6,~~)=1.7.~~,4,5,6

-~~~ 
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5.1.7 Resul ts

Case 1 - Static 
- 

-

SAP IV Thin Plate Theory -

Maximum deflection -0.3990 x l0~ in -0.4223 x id ’ in 
-

(at center) -

Bend in g moment at 
~~ 

= Myy = -1.136 t4xx = M~}, = -0.9831 - 

-

-

x = 15 in , y = 15 in x 10 lb-in x 10 lb— in (4)

- ~ ( Resul tan t in Eleme nt 2)

Case 3 — Static -1
Maximum deflection -5.2135 in -6.0484 in  (5)

(at center) 
-

— 

- Maximum bending moment 1481 lb-in 1916 lb—i n (5)

(Resultant in (at center) 
-

~

Element 2)

Fundamen tal Frequency for Symmetric Mod el (ra d/sec) - -

Mode Number SAP IV Thin Plate Theory(6)

1 0.1936 x l0~ 0.1908 x io~
2 0.9469 x l0~ 0.9539 x

3 1.358 x 10~ 1.717 x l0~
Displacemen t - Time H istor ies

The response of the center of the plate for the
two dynamic load functions is given in Figures 52 and 53.

• Timoshenko, S., and Woinowsky—Krieger, S., Theory of Plates and Shells , I
Page 143—149.

5Sz i lard , Rudolph , Theory and Analysis of Plates, page 650. -
•

6Clark , S. K.,, Dynami cs of Continuous Elements, page 172.
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DYNAMIC ANALYSIS OF A SIMPLY SUPPORTED PLATE
NORMAL IIED DISPLACEMENT RESPONSE PT NODE 3
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5.2 Square Plate with Two Reinforcing Ribs

5.2.1 Load Functions

A simply supported square plate wi th two reinforcing
ribs (Figure 54) is subjected to the same loads as problem 5.1.

1 .  .

z z —

4 4

F(lb) 2in

I P(psi)
Jr 

— _ _ _ _ _ _ _ _ _ _ _ _  
-

1 -  I I______________= 
~
..p y

- 
l/4 in

l/4 in

I! . _ _ _ _  ___

H 2O in 2O in

H - 2O in

20 in 20 in x 
20 in 20 in

Case l Case 3

Material : Steel
Menters: 40.in x 40 in x 1/4 in pl ate

2 In x 2 in x 40 In box beams
with a wall thickness of 1/4 in.

Figure 54. Square Plate wi th Two Reinforci ng Ribs
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5.2.2 Finite Element Model

Due to symmetry, a quarter of the plate is considered
for this analysis. A group of four thin plate elements and four 3-D
beam elements is used wi th the location of nodes and the elements
shown in Figure 55.

7 
8 9

H
lO in

-
• 

4 5 
__________ _______ — 

Numeral - node number

0— plate ele—
(Th 10 lfl ment number

ç A- beam ele-
ment number

Figure 55. Element Assignment Two-Ribbed Plate -
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5.2.3 Input Data - Case 1 - Static Point Load - at Center

H f- / i ~( k * 5 T A T J C  P LA T L  ~IT~ l k L1NFONC Ii~~ RI~3S
~~t ) M~~IP=0 ,NFLTVP=2 ,LL 1
T X ( 1 ) 0,1. l,f l ,1,1,

T X  C ~ ) =0,0,0,1,1,1,I X C 4 ) 0,1,1,fl,0, 1, -

TX C c) =o ,r, ,0,0,n,1,
TXC  (- 1 =0 ,r~.r~.1 ,0, 1~
T X (  7 )  ~ ,1 • 1.0,0,1,
~ Y ( R = ~ ~~ , 1 ,0 -.0. ’
1X (~fl= 1 ,~~,1 • J  ,0 ,I,
‘I (y 7 T ( 1) 20.
XV Z I ( 2) 20 ..l0 .,

XV? 1 (3) =2o. ,20.,
X Y7 T (4 ) = 1~~~~~.,

X V ? T (  5 ) = ]  o .,  10.~
X V ? 1C 6) 10 .,?0 . ~

X V 7 I C 7 ) ,

MP ~~
- V 5

~=4 ,~~~V~~ç-p ( )  ,P N - ’PC l
~ MPC( 1) = 3 .r7 ,.333,, flfl07~~/s6
R F P C ( I ) = .70~~, , , . 03 9 5 , .3 P ~~, .3P ~
~F A — ( 1 ) 1,2,4,l,1 ;~P FA M (  2 1= 2 ,3 , 4 ,1 ,1  ,
P~~~

1( 3) 3,6,4,1 ,1,
( 4  ) .9 ,4 ,  1’l ’

p~ A p I C  1) .on~~7346,, ,, ~~~~~~ (, 1, 17 7, ,3 ,  ~- 1-~F 7 , ,  1.
PLA TF (1 14~~~~ s 2 1~)

12I ~ T E ( ? 1 = ? . ~~.6’ 5,  .1
IPL ~ IF ( ~I ) =4 ~ 5,8.7, ‘1
IPLAIE (4)=5,6,9.8, ,1 
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5.2.4 Input Data - Case 2 - Dynamic Point Load at Center

4-~FnprR=*r)y?-~A 1~ rc ANALYSIS OF A SIi~PLY~
.
~~II U POkIEfl PLAI L  w 2 Rh Ik . t~ IB*

N’~ ~~ P Q  ,~~FI IYP 2 ~‘~F= 10 ‘ 1)Y~-~~?
T Y C 1 4 = 0 , 1 , l , 0,1,1, XY7T(1 )=2 0.
TX (7 )=0 ,o ,0,0.i ,], X Y 7 T ( ?) = 2 0 ., 10.,
r X ( ~~)=n ,o , -),l,1,1, X Y 7 T ( 3 ) 2fl .~~2n.,
TX (4’ fl.l .l,o ,n ,l , XY7I(4)=10.,
T X ( r ~)= 0 ,rS , f l ,0,0,1, XYZT(5 )=1fl .,1o., 

—
TX ( 6)=0,D .fl,I,o,I, X Y Z I ( 6) = I 0 ., 2 0 . ,
TX (7) 1 , 1, 1 ,r ~,0,I, XY ?I (7)=
T X (  Q = 1 ,n , l ,0 ,r’ ,~ • XYZT (81=0. ,1o. ,
T X C q )~~~ ,0.1 ,1,0- .1, XY7TCO)=3.,2C) .,

r \ t i = 4  ,I~ ~ir pç= ~ 
, p~1”~ C = 1 ,

• DPP (C1)= .795 ,,,.fl39~j,,3~~~,.3~~3

~r~~M ( 1 ,~ 1,2,4,1,1

fl rA ~~ ( 31=3 ,6,4,1 ‘1
fl~~ A ”  (6 1 =6 . 0 ,I~ , 1 .1
Slo t ATF=4,D’lfl) = 1
P - ’P l (  1) = .o007346, , , ~3. i  7 5 E 7,1. 1?~~E 1, , i . 3 7~~ E i ,  ,1. 12 5F 7
P L ’ \ T F ( l  4

~~~~= .25

T PLA T~j1)=1,2,5,4,,lT PL-~IE (2 )=2,3,6,5,,1
r p L A I r (~ - I =4 , 5 ,8 , 7 , , i
T P LA I E ( ’ ~ ) = 1

~ .6, Q ,8, ,l
TFP P= 1 ,NF~~= 1 ,NT=l000 ,NOI= 10, r)T= .000l
‘ I P( 2 ,3 ) =1 . , 1.

1( 1  , 1 ) 0 .  .1(1 ,? I = .00?, T ( 1  ,~~ ) .01 ,I(1 ,4 )  = 1.

VV K 7

j  ( 0 -~ P C , 5 
-

C 7 , 2 1 = 1 • 7 , 4 , , 5 , 6 ,7 , 8 , fl . ]
~ • 1 1. 1 2

T~~
( ( , ’~~~1 ~~~~~~~~~~~
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5.2.5 Input Data - Case 3 — Static Uniform Pressure
a

HEAl  - R = ~~5 T A T I C  PLA TE .-. IT H  R E J l - ~FQR(I~~c R J ~~c
N t  “ N P = Q  ,N FLTYP=2 .LL=1
T X ( I 1 0,1,1 .0,1.1.
T~~C 7) fl,~~,0,0,1 ‘1.

S T X ( / 4 ) 0 . ]  .1 ,(S ,0,~ ,

1 X C 5 1 0,fl.0,0.fl,1,
1 X ( f ~) 0,f l , f l ,1,v~ ,1,
TX ( 7 ) 1  .1.1 ,o , r ’ , 1,
T X ( 8 ) 1  ,0, 1,0,0,1,
1X ( ~~) 1  , 0 ,l , 1, r i . } ,

X Y Z T  (1) =2o.
X Y Z T ( 2 ) = 2 o . , 1 f l . ,
XV 7TC 3 ) ?~~. , 70 ..
XY7T (4)=lr’ .,
VY71 C~ ~= 1o . ,1C .,

YY7T (7~~=,
Y V 7  T C P 1 = , 1 0 . .
XY 7TC 9)= .70.,
s~ n r  A ’ 1 8 ,n,~’ i r f l - ~~ 7 ,~~~ ~- I ~~’°~~ = 1 ,

PPPC C 1) = , 79~~, 
, , . f l39~~, • ~ ,•3 ~ 3

~~ A 

~ 
( 

~ 
) = 1 , ~ 7 • 1 

~ 2 ‘ , . . , . ,

~
F5

~~C 7 ) = 4 ,5 ,7 , 1  ,?,,,,, ,.1

~ TF = 4 ,  O~-Ifl~ 
- 
= 1

I C l )  = .“s007346, , , , 3 • ~ 75~ 7 . 1, 1 2  ~ 1., . 4 75~ 7~~. I • ~ ~~
T ~~( ts IF C 1 1 , 7 , , 4 ~ , 1 • I
0(~~ . T r (

~ 4
T °L ‘ T C 11 1 • 7 , ‘4 , , 1 ‘ 1
TPL~~T r C 3 ) = 4 ,~~,~~.7,,1,1
I°i A IL (4)=5.6- .~~.8 ‘.1
(L4T-C3,1)= ,,—?5.,

I
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5.2.6 Input Data - Case 4 - Dynamic - Uniform Pressure

HFAf l FR=*~~Y N A~~IC A N A L Y S I S  UF A SI PLY~~SuPPOI~T h D ~LA TL ~;ITH 2 ~LI~

T X (1)=fl ,1 ,1 ,fl ,1 ,1 , XY ZT (1 )=2 fl .,
TX (2 )=fl ,r~,fl ,fl ,1,1, XYZT (2)=2n .,In.,

X YZT (~~)=?O.,2O.~
IX ( 4 )  ~~ ,1 , 1 ,r~ ~~ ‘ XYZT (4) =1 .,

XYZT (5) 1~i.,1fl.,
TX (6)=n ,r~.r,,1,r ,1, XYZT (6)=1fl .,?r~.,
T X  C 7) 1 ‘1 1 ,~~ , , 1 , XYZ 1 (7) =

XYZT (8)=n .,lr’.,
1y (Q~ = 1,r’,1 ,l,r,l,

~~rA~~=4,~~~’~P(=1 ,RNFPC 1

~“ P r ( 1 ) = ~~.F7 ,.3 3,. nfl~~7346

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
q r / Y A (~~ ) 1  .2 ,4 ,1,1
nr~~M ( 2 ~~=7 ,~~,4,l,1

n~~f ’~(4 ) =6,9,4,1,1
NPLATE 4,PMflM 1

~~‘PT (1 )= .~~~~7~ 46,,,,3.3Th [7,1,1? .7,,~~.375E7,,]..l7 5E7
PLA T r ( 1  4 = .25
T D~~~T F (  1 ‘~~1 ,?,~~,4, ~1

T P( ~ i~ ( 4  5 ,6 , 9 ,  8~ , I
T F PP=1,~~F N = 1 , NT = 1 ,NQT=1n,~~T= .nr~r~1
‘ I P ( J  ,~~)= 1 ,,—6?.~

, , — 12 5 .

~‘ P ( 4 , 3 ) = 1  ,,—125.

~l P ( ~~ , 3 ) = 1  . , — 1 2 ’~.

R ,1 ) =1 , ,— 1 7~~.

T (1 ,1 )= ~~.,1(1,?) .
(’O2,r( 1 ,~~)= .o1,T ( 1,4)=1.O

~ 
(1 ‘1) =r~. ,F (1 ~2 

) =1.0 ,F (1 ~~ =0. ~F ( 1,4  =0.,
V V V = 7
I C~~~P C 3 , =

k’VV S=2

~ 
( 2 • 2 ) = 1 • • ~ ,‘~ ‘5 • 6~ 7,8, 

q , I r~ , 11 , 12 ,

—- 
-- —
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5.2.7 Results

Case l - Static - Concentrated Load
Maximum Deflection (at center) = -2.695x10 2 in

Maximum Bending Moment
(at center in beam element) = 2.347x 10 2 lb-in

Case 3 - Static - Distributed Load
Maximum Deflection (at center) = -0.3774 in

Maximum Bending Moment (at center
In beam element) = 2.526xl0 lb-in

Plots of the deflection-time histories for the
dynamic loads are given in Figures 56 and 57.
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DYNPMIC RNRL’i’SIS OF P SIMPLr-5UFPO19TED PLRTE ~J 2 19NOAMPL IZED DISPLPCEMENT RESPONSE PT NODE 3
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TIME (SECOND)
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FIgure 56. TIme History of Plate Center - Point Load
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D’l’NPMIC RNPL i’SIS OF P SIMPLY-SUPPORTED PLATE ~Jt iHNORMAL IZED DISPLACEMENT RESPONSE AT NODE 3

~0 OO .02 .0th .06 .08 .1~.-_ _ —

I-z
LU

Ui
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ci
-j
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I
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0.00 .02 .O~a .06 08 .10

TIME (SECOND)

NORMRL L IED FRC~~ 
- .691E-0l 
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Fi gure 57. is’- ~tory of Plate Center - Uniform Load
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5.3 Square Plate with Six Reinforcing Ribs

5.3.1 Load Functions

A simply supported square plate with six reinforcing
• ribs (Figure 58) Is subjected to the same loads as problem 5.1.

z —
~~

• z

F(lb) P(psi)

~~_ A 
_ _ _ _ _ _ _ _ _ _ _

~i i n

-
~~~

II. y

lO in lo in

— — lO in — — — lO ir

. lO in 
— 

lO in

lO in 
— — — 1O 3~~

10 jfl ~~~~~ *14 ~~S 10 in_~ ~~~~~~~~~~~~~~~~~~~
Point Load Distributed Load

Material : Steel Members: 40 in x 40 in x ¼ in plate
2 l n x 2 l n x 4 O ln box beams
with wall thickness of ¼ in

Figure 58. Square Plate with Six Reinforcing Ribs
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5.3.2 Finite Element Model

• Again , only one-quarter of the plate is necessary for
this analysis. A group of four thin plate elements and eight 3-0 beam
elements is used with the location of nodes and the elements shown in

• Figure 59.

~ 
G) Numeral - node number

____ _____P. ____ 0 - plate element
4 

~~~~~~~~~~ 
_____LB

~~~~ 

6~ number
A — beam element

~ 
(
~
) 3~~~ number

H ~~~~~~~~~~~~~~~~~~~~~ 
ll[ ~~~~~~~~~~~~~~~~~~~~.

k 10 in t lO in

FIgure 59. Element Assignment - Six—Ribbed Plate
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5.3.3 Input Data — Case 1 — Static — Point Load

H F A D E R = * S T A T I C  P L A T E  ~ ITH RE I~~FC~~CIN(  R IBS
~ UM~’P=9 ,N r L T YP =2  ,LL I
I ~ (1) =n , 1 1 .n, 1~, I ,

T)((/~)=fl ,1 ,1 ~~~~~~~~~

—

T X ( 7 ) 1,1,1 ,fl,fl ,1,
I X ( 8 ) 1, n , 1, O , f l , 1 ,
T X ( ° ) =1 , r ~ ,1
X Y 7 T (1 ) ?‘ .
Y Y 7 T ( 2 ) 2 ~~. ,ln.,
Y ’f7T (3 =2r . ~~~~
XV Z T (4 )=l’~..
~ y 7T (6)~~ I~~. ~~~~~~~~

• Y V 7 1 ( 7 )= ,
)(Y7T( 8) ‘lf l.

Nq r ,’ / =p ,~~~‘~~~( =2  ,~~N’- P ( =  1~

~~~~~~ , f l 3 9 5 ,  • 3 , 38 13

c~r t 1 ( 3 ) = -
~ , 6 , 4 , 7  ,•1 ‘,,,,,‘ -

~

D~~~A M  ( 7 )  =6 , ~ , 7,1 ~2 , , . , , , I

‘~~I ( l )  ~.i O f l 7 34 6 ,  , , ~~~~~~~~~~~ 1 .  l2~,[7, ,3. ~~~~~~~~ . 1 .  7 .

O LA T F (1 ~~~~~~~~~~~~~~~~~
T P L I T F (  1) =1 , 2 , 5  ,4 ,, 1,1
1-P L~~Tr (3 ) 4,5,8,7, ,1,1
IPL~~T E ( L  ~~~~~~~~~~~~ ,i
TP L~~T E ( 4 ) 5 ,6 ,9 ,8 ,  ,1 ,

• 
• 

• 
~~ (I ) = 1 • .
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5.3.4 Input Data - Case 2 - Dynami c - Point Load

HFAI) ER=* f lY NAM I(  A N A L Y S I S  UF A S I - ~PLY S LJPP URTED E L A T E  ~ ~~~IN ~1bS
N~ ‘~“~‘P=Q ,NFLT YP=2 ,N F= l n  ,Nr,Yr~~ ?,
T ) ( ( 1 ) =~~,I ,1 ,n, 1 ,1 , XY7T ( 1

X YZT (2)=2n .,1~~.,
IXV ~i f l ,’,fl,l,1,1, XYZT (3)=2fl.,20.,
I X (L) 0,1.1 ,fl,fl,1, XYZT (4)=ln.,

XYZT (5)=1o.,1o.,
XY7T (~~)=Ifl .,7fl.,

T X (7) 1,1.1.fl ,fl,1 , XYZT (7)=
I )( ( P  = 1  ,n • 1 .o , r~ , 1~ XYZT ( ~ ) 0• ‘1 ~~.

~~ 
( °)  = 1,0.1 1.0,] ~ XYZ 1 (9) =0. , 20. ,

~‘r ~~~A M =  ,~,\lF P(=7 ,PNMPC 1
2M P C ( 1 ) .F7 , . 333 ,. 7~~4~,
R~~ Pc (  1)  = . 7q 5 , ,  ‘ .0395, . 3 8 3,  .383

~~~~ ( 3 ) = 3 , 6 , 4 , l , 1, , , , , , ,3
pr~~ i (5  = 2 . 5  • 7,1 .2. , , , . , , -

~

~~~~~~~~~~~~~~~~~~~
PM PJ (1 )= .~~fl07346,,,,3.37~~F7,1.125E7,,3.37~~E7,,1,125E1,

IPL t~TF (1 )= 1 ,2,5,4,,I,1
TP~~

/
~TF (3~~=4,5,8,7,,1,1

1PL~~TL (4 ) ~~~~~~~~~ .8 , .1

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
!~i D (  

~,3)=1 ,,1

~•~t ~~
( I ) = 4 . — 2 ~~.T ( l . i i = f l . ,T ( 1 ,2 ) = . 0 0 2 , T ( 1 9 3 ) = .0 1 ,T ( 1 ,4 ) = 1 .

r (1 ~ 1 ) =~~~. • F (1 • 7) 1 • 0,  F (1, ~ 
) =0. ,F ( 1 . 4)  0.

V V K  =7
I(OMP ( 1 9 = 1, 2 , 3 , 4, ~~,6
v y v  c=2
I~~(2.1 )=1.2,3,4.5,6,7,8,C),lfl,il,12
T c ( 7 , 2 ) = 1 • 7 , . . ~ 6 , 7 , 3 , C) , 1 o • i i  , 1 7
icc 2,~~)= 1.?,3,4.5,6,7,8,~~,10,11, 12
Tc (?,4)=l ,7,~~,zL, c ,~~.7,8,o ,1r~.1 1 , 12
T~~(’,5)=I,7,~~,4,5,6,7,8,

C),1o.11 .12
1 5(?,6)=1,7,~,,4,~~

,6,7,8,9,1fl,11,12
y r  7 , 7 )  = 

~ • 7 • 3 .4,5.6.7’ d , () ,]fl .11,12
I r (~~~ ‘8 1 = 1  • 7, .4 , 5 . 6 e  7,8 , 9, 10 , 1 1, 12
Tc (~~.1 ~~1 ,7,3,’.,5,6
T~~ (~~ , ? ) = 1  ~~~~~~~~~~~~~~
T~~( 6 s 3 ) 1 •7,~~,4,5,eS

• • •
- -

L~ ~ 
-

j  
_ _

__ _
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5.3.5 Input Data - Case 3 — Static Uniform Pressure

HEA n F - R= - ~s T A T t C  P LA T E  w I T H  Pf I M F f l p C I r l c ,  RI I~S
ML MP~t P Q  ,N FL TY P = ?  ,L. ! =1

• T X ( l) 0,1. 1 ,fl,1,]. ,
T X  ( 2 )  ~ fl .0 ,0,0, 1 ‘1~IX ( • ) 0 •~~ ,0  • 1,1,1,
r x ( , ~~= n , i , i , o , r~.i,  —

I X ( 6 ) 0, ’~.~~, 1, f l , 1,
T X (  7 ) 1, 1, 1. 0, 0 , 1,

~X (~~~ =~ ,o . 1 , l , n , i
XYZ T ( 1 = ’ o .

XV?
XY ?T ( 3) =70 . .20.
XY7T (4 )=i r~.,

X Y 7 T ( 6 ) 10 . .20.~
XY7T (7) ,

~ V Z T ( 8 ) = , 1 f l ..
• X Y 7 T ( 9 ) ,?’) .,

nrr~~’ =6 ,r> r Dc = ] ~P ’P(~=] ,

-~P C ( i ) = 3 . F7,.~~33 , . f l 0073’~~

nr~~~~ ( 11= 1 ,7 , 4 ,1 . 1 ,
0~~~M( 7 ) 2 ,~~,4, 1 .1

~‘ P LA T F =6 , °Nrr~=1,
P M O I ( 1 ) = .f 0 0 7 3 46 , ,  ,, 3 . 3 7  7 . j  .12 7’ ~~~~~~~~~~I PL ~ TE ( 1  = 1 ,2,5 .4, , I
T~’I ~ T E ( 2 ) = 7 , ~~,6, 5, ,1
T PLATE (3 =4.’ ,8 ,7~ , 1

T P I~~~T E ( 4 , = ~~,f , Q ,8,,1
Dc- I ~ = 1 . •
DL ~ ir ( 1  4 = ~ -7 5 • — 5 ,
rv ’  (I ) = 1 .

U 
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5.3.6 Input Data - Case 4 - Dynami c - Uniform Pressure

• HEAI )ER *1)YNA~IIC AN~~LY S I ~ OF A S I- I P L Y  SUPPUI~ tED PLA I L  ,~ I T H  ~E1~~
~lU~4~~P 0 ,NELTY P=2 , NF 10,NDYN=2 ,
T X  ( 1 )  =~~ , I • 1 .0 ,1 ~ 1, XYZ T (1) =20.  ,
i X (?) 0~~7~ 0,fl~~1’1’ XYZT (2)=20.,10.,
IX (3)=0,0,0,1,1,1, XYZT (2)=20.,20.,
IY (4) 0,1,1,fl,0,1, X Y Z T ( 4 ) = 1 0 . ,

• I X ( ~~
) =f l ,n,’I,f l ,0,1, X Y Z T ( ~~

) 10.,10.,
TX (6 )=fl ,0,0.1,t i, 1, XYZT (6)=1fl.,20.,
IX ( 7 ) 1  , 1• 1  ,0 , 0 , 1  , X Y Z T ( 7 )

X Y Z T ( 8 ) 0 . , 1f l .,
XY Z T ( 9 ) 0 .,2n.,

~,qF/ ~’~=g ,p~~~~~D( = ~~ ,RN~’PC= 1,
1) = 3 .r 7 , .~~3 -~3 • . n oo7~~4/ ~• P F pC ( 1) = .7Qc,,O.,O,,. 93 9 5 , .38~~, , 3 8 3

r ) r 1 ) C (2  =1 . 50 o. ,fl, , . p 7 9 ,  • 7 6 6 ,  ~ 766
~~~~~~~~~~~ ( 1) = 1 •2 ,4 , 1 , 1 , , , , , , , 1

~ A ~~ 
( 3 ) = , 6 , 4 • 1 , 1 , , , , , , ‘ 3

A M ( S )  ? • 5,7,1 ,2 , • ,., ‘ ‘ ,
n r F ~M ( 7 ) = 4 , 5 ,7 ,~~~,7 , , ,, ,  ,•1
‘~rA~

M ( 8)=5.6,7,1 ,?,
M P LA TL =4 , PND~ ~ 1~P ’1’ T ( 1 ) ,r 0 0 7~~4 6 , , , , 1 .3 7 5 b 7 , l . 12 ~~E 7 , , 3 . 3 T 5 f - f , , 1 . 1 ? 5 E 7,
O I A T ~- ( 1 , 3 .4~~z~,2 5 ,
T 0 ~ t’ T F (  ‘ ) = 1  ,7.5,4,,1 ,1,

T D 1 f \ T L ( 4 ) 5 , 6 , 9, g , ,1,
Y r p p= 1, F~~~ 1,~~T nf-~o , r\~0T = 1 0, r)T= .flnn1,
~‘I P  C 1 ~ ) = 1 , , ~~~ •
r’P( 7,3)=1 • - — 1 2 5 . ,

~~t) ( 4 ~~3 = I • , — 1 7  ~~.

I P ( 5 , 3 ) 1 , ,— 2 5 0 . ,

~P( ~~ , 
-
~ 

) 1 • ,—I  2 5 .,

P~’I 0( ~~ ) = / 4~~~1 •
• T ( 1 ,1 ) = r)., T ( l , 2 ) = ,00 2 , T ( 1 , 2j= .f l 1 ,T ( 1 ,4 ) = l ,

T~ ( 1  . 1)  =0. ,F ( 1  , 2 ) = 1 • 0 , F ( 1  • ~ ) =0. , F ( 1  .‘. ) =0 •

T (
~~~

p( 1 9~~= 1 ,7 ,3 ,4 ,5 ,6
v V K ~~~2 ,
y r (  7~~~ 1 =1 •2,1,4,5,(),7,8,(~,l fl ,1l ,12,
I~~( ? , 2 ) = 1  , 2 ,  ~,6,5,6,7’8,°,1fl, 1 1 , ] 2 ,
1 5 ( 7 , 3 1 = 1  • 2,3,4,5,6,7, d , , 11~ , 11, 12 .
y c  ( 2 , 4 )  =1 • 7 ,3 , f~ , S ,6 ,7,b, ~, 1 r~ •11 .12’

I S ( 7 , 6 )  = 1 , 7 ,~~ ,4 ,~~ ,f .  , 7,8,0.10,1] , I 2~
~ (7 ~~7~ = 1 , 7, 1 •4 ,~~ ,~~~ , 7,  H ,0•  10 ‘ 11, 1? ’
~ ( 2,8) 1 • 2,3 ,‘~ ,5 ~ , 7’ 3,c~ , ] P , 1 1, 1 2,

T~~~~( (- , 1  1= 1  •7 ,~ ,4 , 5,~5
• - .

I S ( f - , 4 ) = I • ? , 3 , 6 ,5 ,6  97 
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5.3 .7 Results

Case 1 — Static — Concentrated Load
— 

Maximum Deflection (at center) = -0 .1454x10
2 in

- Maximum Bending Moment (at
center in beam element) = l .6 3 7 xl 0

2 lb-in

Case 3 — Static - Distr ibuted Load

Maximum Deflection (at center) = -0.19624 in

Maximum Bending Moment (at node
2 , or 5 in beam element) = l.585x10 4 lb—in

• The displacement responses at the center node for the
two dynamic forcing functions are shown in Figures 60 and 61.

I

I
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Figure 60. Nodal Displacement - Plate Center -
Point Load
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DYNAMIC ANAl ISIS OF A SIMPLY SUPPOJ9TFO ~LRTE H u H
NORMALIZED OISPLACFMFN1 RESPONSE AT NODE 3
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Figure 61. Nodal Di splacement Plate . Center -

Uniform Load
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5.4 Thick Rectangular Plate Analyses Utilizinri Thick Shel l Elements

5.4.1 Load Functi ons
A simply supported rectangular plate is subj ected to

the following loads :
Case 1. Static point load at the center of the top face , and

- Case 2. Dynami c point load at the center of the top face
with the time history shown in Figure 62.

Case 3. Dynamic uniform pressure on the top face wi th the
time history shown in Figure 62.

Force

H 

_ _ _ _

- 
o.do6 t, sec

z z
F( b)

u n  u n
p(psi

_ _ _  

~~~~~~~~~~~~~~~~~

3 0t h

6O in
- 6O in
-
~~~ ‘-l

20 in

7 4O in 4O in

- 
X Point Load X Distribut ed Load

Figure 62. ThIck Rectangular Plate - Static and Dynamic Loading
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5.4 .2 Finite Element Model

Due to symetry one-quarter of the plate is adequ.~t~for this analysis. A group of four thick shell elements is used
with the location of nodes and elements shown in Figure E3.

F - Z

‘.3 ‘~ 1 + 5  1+6 ‘.7

•
‘. ø  1 9  50

y1- - -
~~
- -  ~~~~~~~~~~~~~~~~~~ 55

‘ /
3 5  , 3 8  36 39  3

22 ‘ 2 3 2  / 2 5  2 6

_ _ _
~~~~~~~~~

_ _  31+

,
/ 

~7 1 / lJ 
—

x 

“
~~

‘ 

~~~~~~~~~~ 
13 

21

Numeral = Node Number
= Element Number

Figure 63. Element Assignment - Thick Plate

102 
-

hIIIIlLI II1iI ;i~Ii ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ —-  - -5 - . - —-- -—— -5 - - -



_ _ _ _ _ _ _  — __

• a a •• a a I’
_—4 _-, —4 —4 -1 -4 —4
• a •- a a a .‘

-1 —I --4 —I —4 ~~~ -~
a a a a S a a

~-4 —I -4 -I -4 —i s-i
— a a a a a a a
I— D D ~~- 4 ) D - - l —-1
7 a a a a a a a

~J 0 — 4 0 J ‘—4 0 ---’
a a .- P • a .-

_J ‘ -4 —’ --4 D 00 ~~ D
-J

II

)

• a
:0

IN -~~
a

-5-i -~~
F - 0 ~-

_~I ~-j

• .

~~ ~Z a l l  a a a • • (r 51-/ a a • a a a • •
• z —  c - ~- r - 1 .— ,.-, • • a • • • a • • • a a a a p a  . •

< II C”. N ~~ ~c a a a a • • — C C • tf C C • • • ~c S • •
• a a • I • Lr S S S C a —i ~. t~ ~— —4 IN ‘— IS C • C C • Ft C

U )— 0 C” s-s —-5 Ft C • C C L~ (N • a • • • C” P (\ ‘. (N
I— C —‘ (N Ft a .-. (N a •—, (N a . 

~i -  ~I’I Ft Ft Ft Ft Ft P P P a P a P P a
a p a a  a a .  a a • • • 5 5 S S S S S S S I S • S S • S S

• II N’t C • • • • • • •c  C r N c --. c\ r\ r-- . ( -’. r~~ r F~~~~ It LC’ If ~~~ f L t f LL~~~ fI— 7 N -~ (N .~~ C C C C C C C Cf Cf (‘ C” C’ I’ C’ (\ (\ C’s. ‘— ~~~~~~~~~~~~~~~ - ‘ - - . -  -
FJ’~ S Cf a • ~~“ Cf Cf Cf Cf Cf II II II II If II II II Ii II II II II II If If II P II
* _r ‘C — —Cl —‘ C II II II II II II II
l IF t  ‘ C’~~Cf It 

~~~~~~
-
~~~~~~~

— - — --- — -
)~ II 4 U~ II a a a — ~ 4 

~~ J - -.0 N ~~~ — ~ -i — .—, — .-i — ‘— (N c--.~ c’~ (~-.. C”. C’. r’j NJ ~~ . Cf C’ - Cf
Ii’Q .  • — -.~~~0 C ~~ r

It 0 —  .—~~ —---~~r I— i—- ~— i—-~~-— t---~~-— i--- +— - I--~~—- I— I— ~~~~~ — ‘—-~~~—- I— I— ~— I— ~— I’— ~
~~~~~~~~~~~ -~~~~~~~~~~~~~~ --~~~ — N I— . r~. N-. N. N. C—. N-i N.. C-,. N-. N-. C-.. N N. N-. C--. C-s. N. C-. N. C--.. C—.. N- N. N. N.

~~ ~~~~X <~~~~~~~~~ >- >- >- )- >- >- > - >  )~ >- >- > >- )- )_ > >- > > > > > >- > > >- >-
I ~~ — — — — — — )< ) ( >( )< X )< ) )  )~ )~ )( )- )r )c > )c ) )~ >~ >/ >~ ~~ ) ). )( )

103

. . - ~~~~~~~. _ _____  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . . ~~~~~~~ - - .~~~~~~



~9
•-5 .1 

_____

-n

z
- a

-V

--5

--4

a,
4—

- -4--I
I-
Q

I -
0 - Ft

C—) I-’-
-5 a S

-

~~~ Ft a
0 II (N (N

__I C - C ‘— C’- ---. -~~
- --~~

4~ 
— 

a (N • (N Cf a Cft a
Ft a a  C f a  .-~~~ -- S C f I

L .,_ >< C’-~ ‘— C c—i (N C C’ (N C’ - -

0 -~~ S - ,— ,.— a .—_ C’ a - ‘  a
- - C. — a L • • r—, a a C •a .

~~~
C - C~~ — C  — - ~ -‘ --I .—. - - a P C’,. Ft • Cl •

F C a  (N a P C f C ’  • , ‘.- 5 C f
-.— a 

~~ C ’ -  ~~
-i ~~- Cf Cf Ft a a

4.) 
- 

s— a -C a a ,r —~ a s-i Ir a z s’ a
>< .C L~. N (N • a -~~ • a a .~ ‘~‘. a N (N

a P .F~ C’ P C’ .C N- -
~ -.~‘ ~~ -C’ Cf a -Z~ C’

• ~ a ~ S .5’ a .— a a ,— a C’. S N C’ . a ~~ -

I — — ,~C’ I a a ,— Cf a ,,
~~ ~~

- a N a (‘ C’, a il C’.
a a a S e a a a a a a — a ~ _ C a a C’.. a a —C’~ P C (‘... .- ,~

- (N
- s s s a s s • I S Ft IS ‘I ‘C —~ a a a N— :‘ a -

~ ; C’ . a ~~ ‘. ‘-

w — C C S Ft C C .— — I I Cf - a C C’, a (N a -~ a siC - C
(If a .— NJ Ft — — IN a a P a a a 

~~ f S C’. • a (N • -C — Cf a f Cf S

is a . .  a . .  a P 5 5 S I c  5 5  I • L C’ I C ’ s . a ç s.. •~~~~ (N a~~~’ ,— 
~~~~-‘ ~~ •~~~ IC..) 1 r F t L f F t I I S -Ft. IS~~~- / I S C  S C L • I S C C~ C’ ‘ a p 1  a C ’  C’ • L r ( \  a~~~~~~ 

a s ~~~Ft a
S S 5 5 5 I I S a ,— C\ • — (‘~ 

IJ~ -‘ C’ : S II If .— — . C’ II ‘C C’ . II Ft ,ii P N- —• II a
F I r— r-- r—- r-- N r -- b r --- • s ~~~~~~~~~~~~ s ‘~~~ • Z 11 I I . ~~~c\ I I — N t I -- -.C II —- 4 I I —- lI

45 II II II II II II II II II II II ‘ II If II II a U — 4$ — C’. II (~ If — —  —C —
•1~~ ~~~~~ — — ~~~~~~~— — ~~~~~~~— — — — — - —- —--~~~~~~~~~~~~~~~~~

- $ ‘ 
p 
.~ — — (N — — C’ —

4-’ ~~~~~~~~~~~~~~~~~ 
—~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -.--— ~~~~~~~~~~~~~~~ rN~~~- l C  >~~ - _ _ C ~~~~- C a C r - - C C -~~~- - C O s - C - --

~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ L a C (  4—CC 4 - - L C~~-- C C I - - - c
C—. N. C—. N. N. (N N. N, N. N. C-- N. (N r-.. N. (N N. N. C 0.~ ‘~ 4- I L I— I— N- I— I— C— 4- P.- N I— I— N

C >- > > >( - $ <- ‘~~~~~ ~~~~~~
_ C - _ c - _ .-- c- — _ c - — _J

— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ > ~~~ Z I~~~L’ IJ~~~ I,T F I v~~~i F V ~~~ e c

104

-5-. ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



-

~~~~~

-5-—-—,.——--5 —-— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~ -5~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~~~~~~~~~~~~~
- -

45 tJ~~ II .-~ O C  a
C Z a  Ni Ft. .—

F - (
~~
I U~~ >~~

_
C a b N r—

I 7 w—’ (N~~~~~~
a

LI’ • • a P r —

~~ —• $ C~~~ ~~~C’.j a

a, IJ) C’.J P ’ . 4  N~~~ C
~n > - I I C  P a P a  a a a
45 • — N N- C I S P Ft a a

~~~ < Z — IN C” II a a a — Ft S S I Ft Ft�~ a I I .—4 a a a — .--- • S a a . a a a —, —. ~I - 
~~~~~ • a~~~ 4 Q $ .~ a s-~ ~~ ~ a I I S a S I S a a p p  p a  a a

II (N C- • -N (‘C’ L” .—i . a a a I I — C C S c- C C S S 5 Ft S s S I
-~~~ U Cl a a a • S I I Ft I S S C • . (N It .—. .— (N s-~ C S C C 1 J C
45 — >- .—~ 

a :0 C’ -~ — ~— c C s C C (N p a a a p a a a a ,—‘ (N a .—i C’s. - (\
C- I— C a — —4 IN Ft a a,— (N a — C’,, P P Ft C U1 IC’ It If Ft Ft a a a P P a a P a

a p a a ..—, P p  P a a a s s  I I I S S S I S  S I S S I S S I I S S

~~ 7~~~ a l l  — N - F t c  a s s  I . . .
C. >- Z r-- .-- •‘ r \< ~~~- C C  C C C  C C C ’  r C ’. c-. . N r \r5, C ’ c ’ N .- .---
C C.: a a ~~ C a a a a (~ C’ C’ (‘ C’ C’ t-’~- II ii U II II II If ii If II (I II II II II II II II It If
— * J ~~ .C~~~~~ a .Cl _ - 1 C C I I ,l h U l l  11 11 

lI lt P a .-. .- 4 ( N C ’  II C C f 4 F t s C N QC C — N -u ‘C N Q~~~ C — C ’  4
If $ tX) II a a a ~-. .— Ft .~~ N- ~~ )‘ — .—s — — .—4 — s- I C’, IN (N NJ (N (N NJ IN C’~ C’- - Cf (‘C’

- ~~~~ a~~~~~ $ s C C F t
C s- Ft 0’ — --‘ r-’ If P.- 4-- P.- 4-- 4-- P.— 4-- I— 4-- 4-- 4-- P.— 4-— I— I— I— 4— 4— 4— I— 4-.- 4-- 4-- 4-- 4-- 4-- I—. <1 N- N- . (N C--, (N N. C-~ N. N-~ (N N. N. (N N. N- N- N- N. N. N.- N. N. N. N. (N C--, (N

~~~ X )( )( )( )c )r >- >- ) ->  >- >- >- > > - >  >.- )- >- )- ) ->  >- )- > > - >- > >— >- >- >‘ )—

— — ~~~~ > )~ >5 ) ~~~ > ‘~~ > 5 >1 ) >  > 5 >  > 5 > ’ ) ’ ) )- ~~ >5 )’- ).. > 5 >  >5

‘

~ 

~~~- 
-‘ 

~~~~~~~~~~ 
.



‘
~~~~~

- : ‘ 

~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~

H

- c

- a
Cf
II

- I—
I—

- z
a

4-
II
f__I ’-

-
~~~

— U a
-I

•1~
• - - II

4-) 4—
— F
U

a —
_) —“
? c~Is a S

2 (N Ft
4.) II C’s. P a

C S C .— (N
-I— a (N a ( N  Cf

C.. Z Ft. p a  (“ a a
>5 -(N ‘ — C  C

I 5 4  . - s -  P . -  C’
— a 1 ,  a a — a a

o a -C r., 0 ’ s ’  .- ‘C
— a 

~~~ 
S P — (N it

I C C ’  5 ,—  C a ( N a  a
C 1 I rI P ~ : (“ —4 N- -“ ~

4— ~~~ a 4- a a 5 . , a . - — Ft
- >5 C” 4- N (N a ;a a a a

I ~ C”-~ a ~ C’ C’ - “ -r -~~
I S a It 4. II ~ ‘.C a .— a — (N ‘

s- I s- If 5 • — Cf s- i a C” a ‘C L’s a C’- a
• a a s a a a a a a a ~~~~4 P • —C a (N a 4-

a, 5 5 5 P I 5 I 5 5 Ft IS’ II 4- 4 a — —. N- .—. ‘ I — i\
— C C  5 1 .1 C C  ~~~ — • S  ~~~~~~~~~~~~~~~ a a ( N .  a~~~~~r a p

0 P r- NJ If ,— — NJ P P 
p p • C a 

~ 
S (N a a (N — a a ._. 4 — a — (T-

a p  P a  a a a a S I I f - I S  S ~~~~~~~~~ I N s - C’  •~~~ P I N  a t  ‘ -C -

I iI I f I f I f i fi f F t F t .— I S C  ‘ C C  S F t , C~~~ a ,-- a a a C ” N a a  a & t Cs P a a
5 1 1 .5 5 1 5  P r - C’ a — C ’  t . — C’- ’~~C II II .- a 4 - C ’ , .$ f a a C ’ \ I f  ‘ ‘ F t

4.) t— r— r- - r - N r r - N a . a S p a  P a  .ZC ’ -- — - lt II IN II — 1 1 11 N I I — II It ..C

45 II II II II II II II II II II II II $1 II II II II II P • —‘ — — II —— .—s — — (4 — C’— II — 

$ ,—4 • a .--, — .— - Cs. (N (\ — F C’ —

C’ C’’ (‘C’ CC’- (‘C’ 4- 4 4 4- 4 4 4- 4 Ft S IC ICI 1) — — — If — -- -C C’-. — NJ — ‘C C.. .— N. —

0. 4- - 4— 4— I—’ 4— 4— I.— ~~ 4— 4- 4— - I-- 
~

— I— l— P.— I— 4— ..J — i-i. ~ - ( C ~— _J .J C C I— — ~~~ C.
4 C--’ (N N.. N. N.. N. N. N. N. (N N. N- C—. N. (N (N N-. I’. C Q ~— I— C. u~ 4-— I— N Li L 4— I— N L U P.—

>5 >5 >- >- > >- )- )- >- )- ). )- >5 >- >5 >5 >5 > ~f 4— < ‘. ti .— - 0’ s- — C — I
). >5 >5 >5 >5 ), )‘ >5 >5 ). >5 >5 > 5 . >  >5 >5 > 5 >  77  ~ I. LI L Cl L’ LI U LI V V V ~

106

~~~~~~ L. . -- . ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~—. —~~~~~~~~~~ ~~~ — -



— 5  ‘W~~~!~’ ~~~~~~~~~~ ~~~~“ ‘ “  ~~~~~~~~~~~~~~~~~~~~~~ p~ ~‘ ,a_s~~~,,.. 
_ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ ‘

11151 ~~~~~~~~~~~~~~~~~~~~~~~~~ ‘~-—-~..:~ I ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- ~~I s5I1rI~ ‘-C”~~~’~~~

1 - - - - - - ~~~~~~~~~~~ 
-

a,

I—
U
C
0
C) IN

4-
a

‘5 —o 4- 
—

a

4-’- -

C 4-
-~~~ ao 3.,
a. ,—~ P ( N

I 4- 4 C

P Ft a S 3Do ..-, a C f  Ft S
-
~~~ C’- (N i” if II .—’

Is P IT -a C — I I
C c a C~ C f - -  T-I
>~ -C C f - C-  C ~~~C’- •

~~~ P~~~~ Ft ~~~C S —~~~~~ -0
( N C ’  a 4 C ’  H ,- I”

if a a t —  C

c..j a 0  F t a C C  P~~~~~ -Ft.
a~~— ( N  a

U ,C ”a C  C C  a
a N— (N a Q , —  C I

o C’ a 51 (N II S ~~ ‘ (C’

(N a - C - I N  a ’ —  hi ll II a
I p 5 . —  N. a 0 ’ C  — —  —

a 
~~~~~~~~~~~~~~~ 

(N(\  Ft Cf
IS 

~~ —.. Cf a a- P (N C

a — a — - a C C 5 .— ,— a (s~
~~ 4 .~ 

P P  • s C F t C . —  I ~~~
4- II a a N 4 I’ C a — I— U (N ~
II — II II 4 II — .— • I P • •a — C ’ —~~~- H ~~~~~ 4 - I I~~~~~~P I I  3D

C c’ .C ’ 4 — 4— P - - -  H C” C C P II
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~II II Il N
-C (N — (N — ‘0 IN a (~‘ — — — — C’- NJ
— C  ~~~— C -  — a , — ,--- .-- (’, C. II a
C P.— . . . . i C C P —  l i F t  — a ‘ l i D L1- 3 .~

- 4- N Li U- 4— 4-— N 2 0 ~, C ~
V t !  LI 11L V lI ~‘ 4 - - L i  ~ . —

-

~~~~ 107 L~J- -- - — — ~~_~~ f’ ~~~~~
. ~~~ . ~~~~~ - - ~~~~~~~~~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~ . ~~~~~~~~, ~~~~~~~



— 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

:..,- - 

-

r-t

*

—4
a

a
-4

a

a
)

3’
4-
a

4-
a

4- 4-
a
‘4

a
a-

a, ~‘- 
—

S.- LI 4-
-~~ P

‘n I C’In
C

C. C

E ~
~~
9- —
..— a a ~
C 0. Ft . .-

— -rI P

I C C
1C’ a

o ~~ ~C’~~ —i -
-a— •~_j p p

E 0.

C ~~
- ‘ II

>4 ~~~~~ a — ’ - -
~~ if li s- O C a

Z ’  s J I f’ —
I p a p

~~ C C ’  ~~~~~ N s -

Z a  P

a, ( ‘ P a P P a-—’
f_fl — - C - C a  f l( \  a

~ J~ t’4 a —’ (‘-,J -C- C
> 5 1 1  C a a a a a a •

I ‘~ I ~~ (N N— C S I a Ft a a
C~ Z .— a ~,J CC’ II a a a — s- It S 5 I -

~~ If
‘~ Z ~ II ..— a a a — ,.

~
, • • ~~ 51 a S • a •

C — —  0 4 4  t ‘ • 5 5 5 5 I C  5 5 S P p P C a p a a
( I N C  P ( N ( ’ I S . - -  P C  P a P s

~~~~~C~~C • I f -  C C - S I  5 F f ’  S I  I S
~~~~ p , . p a a S S  

~~J ~~~~ •~~~ a - s -~~( N -.f -- (N 5 1 C  I C C  5 J C ’ C -:

4.) .— >5 ‘— - - C 0’ — .— .— IC C S C C (N p a a a p a a * a — (N a a--’ N It ‘ C’.a C a- ‘-4 C\ Ft ‘ ~ — (N ‘ — (N P C if’ 5 if U’ 5 51 51 -f\ P a a a a a a a p

~ 
J ,_  ,~ , P  a C C a-— P a  a a  I - a  P 5 I S S S d I S S S S I S S I  S S 5 5 5

Li, a II  .—‘ N If C I S S S S S S C C (N (N C’. IN (N (N N. (N 5 if’ sf’ Ft Ft LI’ It IS’ 51 5
>~~~~~N — ’ ~~~- C ’  .C’ — C C C ( C C C C f C Y ’ C’ N C ’ C ’ N N ( N ( N  ~~~~~s - s - .~~~~~~~ s - - , - - --~~~~~

P a Cf C a a a a Cf CC’ C’ Cf Cf C” Cf II II II II II II II II II II II II II Ii II II II II II
IC) 

* It- ‘C — a Ft s- C C II II II Ii II II II 

‘d: 
f i t  P a . — , , - T N C ’  II 

II 4- G( II a a a — s-
~ 4 If ‘C N -t 3’ —~ s-- a- .‘ . .1  s-I —4 (N C’-4 NJ NJ NJ NJ Ni C’, Cf Cf Cf

IC) ~~~0. P — -~~~ If ~~~~~~LC 
C Z a - i f~~~~~.—4 s - - s - L I4 - 4 - 4- 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - H 4 - - - -~~- - 4 - 4 - 4 - 4 - - - 4 - 4 - 4 - -4--- p-- 4-
-
~~ ~~ T N. N. C- - N. (N N. N-, N. N. N-. (N. N. N. N. N. C--,, Ni N. N. N-1 N. (N N- N., N. N-, N.

> 5 >5 > 5  >5 >5 >5 >5 > 5 >  > > 5>  >5 >5 >5 >5 >5 >5 > 5>  >5 > 5 >-  >5 > >5 >5 >5 >5 >5 > 5 >  > 5 >- -

~ Z — — —  .— — — — > )C’ >5 >( )~~~~) ( )’  >5 > 5 > 5 > 5 >’ ) ’ ) ’  > ‘ > ~ > 5 >5 ) ’  > 5) - ), > > 5 > 5 )’ >

_ - -  j



~
‘‘ “ ~~~~~ 

~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ “ TT : :~~

-

-

- 1
-;

- 

a
Cf

— 
II
4--

I ‘

C
•,- 4-
.4-) II
C Ifo c

4— —

a, —
S.- a

-4
In U
a, 4- F
S..
a. If,

~~ a
51 -‘o 7 (N

9- a s
s-i P

- I  (N 51
II NJ a

I C S C —
() a (N C ( N  Cf a

0 
~~~ it’ C P (‘C’ a a — 4
>5 (N a - C  C C ’ )

45 < 5 4 —I ,—4 a — (T) a
a LU a a s-I P a C>8 a — C C ’  C”~~’ ‘ - C

,—t a LU S I- ‘—4 C (N Ft a
ll C’ S C a  N a  a- (N- Cf
I I CfI a 

~~ Cf - N I” Cf pC” 51 p
- 4— LU a -C- ~ a ‘C’ — a C” 51 a- -

~~
>5 Cf ‘C- U— N f’-; a a -C- • a a 

~ (NW a a- ~ • ~j  ~~~ a C” Ft C’— Cf ‘C c: -C- “
45 5 S P .~i II 1 5 SC a ~~~ a- a ,— •- a-o ‘—4 .—‘ tiC’ I — C’) ‘— - CC’ a sO If- a N~ p Cf

a a . ~ 
C P a P a P C r-4 ~ —4 S C 4 P NJ P P 4 P 1”. (N a— I s s 5 a 5 I S S LI’ LI II 4- -C- a s-4 s-4 a N- s-i (C’- a ~ — (N p

‘~~~C C  s it. C C  a -s - ’  5 5 4 - 7 , : L~ C’ a P 4 - I N  a a F t C ’  a P 5 1 4
p ~~ (N •._

~ — (N a a ~ a a a P C; s (N • a C-,~ — I- P ,— —C- a- a a — c-~ c~ C

45 a a a P a • P P I S I It s • I I D LI’ Cf. S (N s-I NJ a T.- .— a N. a 
~ .— a 4- a C

~~ 5 1 I f I S F t it F t t t  F t a - — &t C C C  l i t  C~~~~~ (I’ a s -  a P P C f( N  C a  • LC’ C\ p a  P 4 - 4
S - S S I S S S S  P a - — (N P~~~_ 4 f ’  It . — C’ ’ < l l  II .— a 4 - ( N II a- ’ C ( N I I  • ~~ 5 - C - l i.4..) N Nr - - r - - r -- N N - N • ‘~~~~ P • 5  P C a 7 ~~~~~~~~~~~~ li lt C’ ff ..-~~ h l hI (N ,l .~~~ll 1 1 4  I I —a Ii Ii II II H II ft  Ii II II II H II II II II If a a — — — — ,I — I t  — C\ — II  — (C’ 4 , —  a P ( N (N (N C f C f (.,-5

‘—4 51 ‘C N- a~ 0- -C —‘ (N C’ ‘C N 
~~ C C s-i (N -C- it II II C’. — — — — (C’,

C’) Cf Cf (“ Cf. 4- 4 4 -C- 4 4 -~ 4- it Ft if’ It it a - ’  — If ‘—4 —~~O (N ‘ IN — sO ( N s -I  Ni — .3 15.
a - c

4-~ 4— 4- I— I_ I— 4- 4- 4-~ 4-’ 4-~ 4- 4- 4-~ 4-~ 4~ 4-~ 4-~ ._J — ~~ If C(~ .~,J C C ~ 
_ - — C C 4- ~J C C 4-

(N C-~ (N (N NJ N- N- (N N. N. N. N. N- N. N.. (N N. (N C 0. I— I— C U- 4— 4— N U. U I— I— N U U 4— 4— N
> 5>  >5 >5 >5 >5 > >5 >5 >5 >5 >5 > 5 >>  >5 >5 >5 If 4-- ~ ~ 1.1 1.-’ Ft a- I 1 — 0 .- = 0” .-
>5 >5 >5 >5 >5 ), >5 >5 ) >5 >5 >< ). )~ >5 �‘ LI If f_I I? If 4!’ V V LI i, C - ’ L If- V C’ —

109

- ~~~~~~~~~~~ —-#-—---- -~~~~~~~~~~~ --—— i’~~~~~~~~~~~~~~~~~ ’ - 
~~~~~~~~~~~~~~~~~~~~~ - , - - - ~~~~~~~~~~~~~~~~ - - - - -



- —--
~

--‘-
~

— 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _

-v
a, -
-v

I-
U
Co

C-)
S.--

a, 
-N

5- 4
a

In
U)
a, a-
5 - C

C-

o - a C ’ J  ‘C’
4 - 4  C

C S

C C ’  f - s  C”
(N C ’,  if t a -  P

C” a C - - II N
U a - s - i  C CC’ Cf

(C’ 4- C a - C f  a
E it a C  I a - a  —C
45 P 4 - C f  II ~~~- Cf.
C 

~~~~~ a- p.- 4-~~
_
~ C

Ft a 0 ’ - C; a- -L
a C — C’ a SC • Cf

I ~t - ’- a c  C C  P

(N P~~~~~~~ s- C S -C-
a -I’-. (N II S — C’— C’

a, 4- (N a 4-— 5 it’ Ft LI’ it) If~ Ft II a
In ‘ (N ~ -C 0 ~ ‘- 51- LI 5- it it LI’ N- if it Ft N- Ft -1’ N N N N- N —. — _.

~
45 a a -,~ -~~ Z N N— N N- N I I I I I S S I S S S (

~ - S S S C’ - (N (~-.. Ft fl
C-) . -  ~~ Cf C Cf S I I C’ N L(~ N ~, N N N aD N it N S aD CC S a a (N a

a - a 4  ‘ C C  s~~~~~~~~~ CC S C f N C ’~~~~~C f C f C f a - C fN C f - F t a - . ’-- 0’ a- a
a a • ~~~~~~ C C ’  p— a---— — 4 0  a ~~~a a a a a a P C a P a  P a a  5 — .__ C .‘I’

a a N  4 - I l  C • ‘ P t  P P a -  P P  C i ’a  P P P P a • a  a P P ,.._ 4-_~~~ , ~~
4~ If If 4 It a a P a P r~~~~~~~~e - r s- p — s- s - s - r e~~~~~~~~e r r  

~ 
p — a -_

— II 4 II — a- t— v—I a- II II II II II II H “ II II II I! II II (I II a s I ~~ ‘C’

4 -C- — -C- — I U II II  II It C’ C- C a II

~~
., — --- 4 --- v--- Z C ’ C ’ C f C f C f C f C f C f C f C ’  C f C~’ C f C f C f r  it If II N

— (N ‘0 (N a C” ~~~ ~ ~“
, etC’ a a a- p a a a a a a a a p a p a — C’.

~~~. .J . . . i C C — C  P P P  P P 4 - i t’C N . C f 4 i t I fL I ’ C N C” 4 F t ’ C N s - .a - - 4 a - ( N~~~ II a
C _j .j  C C 4- II a-—’ (N C’- 4 it ~ — C’. (N N. C’ - (N C’ C” 1” ~~ —C- 4- 4 4 — a a It ~ ~

U LL 4-— 4— N~~~ 

L I f V V V  7 ’ 2’  2 ;  ‘ 2  7 2  I’ f 2 ~~ 7~~ ~ 2 4 - U  ~~~~~~~ ~ .

no

- - --
~~~~~~~~

- --- - 
- - -~~~~~~~~~~~~~~~~~~~~---~~~~ 



~~~~~~~~~~~~
‘T 

~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~
- - -

~ ~~~~~~~~~~~~~~~~~~~~~ ‘-‘~~ - - -‘ _ ,‘-P-~~~~
_
~~~~~~~~~~~ S, ~~~~~~~~~~~~~~~~~~~~~~~~ ‘- ‘~“'“ ‘I4”I’~~~4~ C’~~ - . 4~~~- - C - -- - ~ “4

I 
-

5 4.6 Results 
-

Case 1 - Static - Concentrated Load

- 0.031335 in (SAP Iv)
Maximum Deflection :

- 0.036768 in (Thin Plate Theory)

The displacement response curves at the centroid for
the two dynamic forcing functions are shown in Figures 64 and 65.
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DTNPMIC ANAL1~J5 OF SIMPLI SUPPORTED ]HICF< PLATE
NORMAL IIED DISPLACEMENT RESPONSE AT NODE 8
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0 1 .2 .3 -5
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FIgure 64. Nodal Response at Plate Center -
Point Load
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DYNAMIC ANALYSIS OF SIMPLY SUPPORTED THID-~ PLATE
- 

- 
NORMALIZED DISPLACEMENT RESPONSE AT NODE 8
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Fi gure 65. FIodal Response at Plate Center -

- Uni form Load

113

- L .  - ~~~~~~~~~~ ‘ - ,~~~~~4l~ ’ ’~~ . -- _~~~ . . ~g ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ e.- .j,.1 t ± a-. z . , ~ t~~~~~~-at.,



_ _ _ _ _  ~j~~~~~:~~
-
~~~~~y

6. AIRCRAFT SHELTER COMPONENTS

6.1 Static and Dynamic Analyses of 24-foot Radius Arch

- - 6.1.1 Introduction

A 24—foot radius arch was chosen to represent a segment
-
. of a typical ai rcraft shel ter and was composed of reinforced concrete

- that was equi valent to the reinforce d concre te cove red doubly corrugated
- steel panel of a hardened ai rcraft shelter. The cross-section of the

shel ter that was modeled is the same as that shown in problem 4.5.

- 
6.1.2 Six , 21-node thick shell elements were used to model

- the arch. A typical thi ck shell element with the location of the nodes
- ,~ and the natural coordinate system is shown in Figure 66.

t

S

- 
_ _ _ _  _ _ _ _ _

_ 

~f 
2]. T ~ r

‘ 1  
7 iS

- 

Figure 66. 21-Node Element

The assignment of nodes and elements for the model is shown in
Figures 67 and 68. The node point coordinates were input in terms oF

, cylindri cal coordinates and converted to the x , y, z coordinate system
shown In the figure by SAP IV , which uses the following relationships:

x = R(sinO), y = y, z = R (cose)
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FIgure 67. Element Assignment — Arch
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- I For the arch, an equivalen t thickness was chosen to match the
-

- flexural rigidity in the ci rcumferential di rection of a hardened
ai rcraf t  shelter. Using the relation I = (b/l~ h

3 , wi th an I of 36,189
in~ and a width of 24 in results in an

h of ?~~(36189 in)~ = 26.25 in
24 in

6.1.3 Static Analysis of 24-foot Radius Arch

For the static analysis the arch was loaded with a
un iform pressure of 36.7 psi. This pressure approximated the peak free—

— field overpressure of the Mi xed Company event at a range of 600 feet.
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6.1.5 Results

As an example of the results for the static load ,
consider the vertical and lateral displacements of nodes 28 and 54
which are symmetri cal about the crown .

NODE VERT .- DISPL. LAT . DISPL.

28 -0.0644 in +0.0113 in

54 -0.0644 in —0 .0113 in

6.1.6 Analysis of a 24-Foot Radius Arch Under a Dynamic —

Load

For the dynamic analysis an attempt was made to utilize
the data from the Mixed Company event to construct a simple but realisti c
loading function . Figure 69 shows the pressure waves that were chosen
to model the external pressure acting on the arch at various locations.
As was done in problems 4.4 and 4.5 the pressure was replaced by
equivalent concentrated forces acting on 22 nodes.

- - - -

P(psi)
a-

5~ 100 TI me (M sec)

Figure 69. Applied Load - Arch C
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6.1.7 Dynami c Results

The fi rs t 15 eigenvalues of the 24-foot radius arch
were extracted and the forced dynamic response obtained using modal
superposition. The first five natural frequencies are Wi = 35.55
Rad/Sec, w2 = 77.33 Rad/Sec, 0)3 = 109.6 Rad/Sec, w~ = 156.9 Rad/Sec
and w~ = 229.7 Rad/Sec.

The nodal displacements corresponding to the fi rst
natural frequency 0-f vibrati on are for selecte d nodes:

NODE X Z

27 +0.0096 +0.0019
28 0 0
29 -0.0096 -0.0019
40 +0.0102 0
41 0 0
42 -0.0102 0
53 +0.0096 -0.0019
54 0 0

55 -0.0096 +0.0019

These node s are located symmetri cally about the crown
of the arch. The displacements listed above indicate that the first

— 
- natural frequency of 35.55 Rad/Sec corresponds to a torsional mode which

woul d not be present in an actual shell.
— 

- 6.2 Dynamic Analysis of a Hardened Ai rcraft Shel ter with No
End Wal ls

6.2.1 Introduction

A hardened aircraft shelter modeled afte r the shelter
placed 600 feet from ground zero in the Mi xed Company Event was analyzed
by the SAP IV computer program. The 72-foot long, 24-foot internal
radius shelter had the same cross-section as the arch described in
problem 6.1.

6.2 .2 Finite Element Model

The shelte r was modeled with 15 node thick shel l
elements similar to those used in problem 6.1. The assignment of nodes
and elements for the model is shown in Figure 70. It should be noted
that syninetry was Invoked so that one-half of the shelter was modeled
wi th 15 elements, each of which was 12 feet wide . Cylindrical coordi-
nates were used to Input the nodal coordinates.
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FIgure 70. Element Assignment — Ai rcraft
Shel te r Wi th No Endwal l s

I ~
6.2.3 Dynamic Analysis

- For the dynamic analysis the shelter was struck by
- the same pressure waves as those used for the arch in problem 6.1.

The pressure wave was replaced by equivalen t concentrated forces- acting on 36 nodes.

125 

-

_ _ _ _ _  —~---- ‘-- - -  ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ 

- - ‘



,-‘----—----- —-.--.-,‘~~ —---~~-------

- —‘vi 
~~~~~~~ ---—- - -— ---- -

C
S

a-
5 - a- a- C

a a )  s • a a

s a a - a -  ~ a a - C  a - C 3 )  S S a-
a- 4- 5 5 • C (‘4 5 5 5 I a- C 5 C -0 a a a -4 5 a- -N
S a -C- -N a- a- CO . ) C a- N -o 5 5 -o —i —4 C’ 5 5 5 a- a- -4 ‘4 I —4

‘C S 4 N S I a a- P CC C ‘C v--4 C-’ —4 5 ‘ ~O (‘4 C 4 v-4 ~ a- C 4 0 I I C a-
Cf C a a a C’J ,

~~ s s s —4 —4 Cf a- a- ~ - 4 I C —4 —~ C-~ 51 .‘ s 5 5 C 4- C’ (‘4 4) a- a P 5
a- a S I I s-C -N ci 4 ci) a a- a- s S S ~~ N S C C a a 5 

~~ —4 v—I —4 ~~ C C’ S S S )
S . 4 4 4— i -- ) s f l a - - - i  I s 5 4 ) 2  C — l ~~~

- - )  5 s s  s C O C C O  O a -  a- a a p a C C ’  ‘CC )
__ —C- ~~ 4- 4- 4- a a- a P - a ‘0 s-C s~C ’ i  v_I C a- CO CO C CO C N NJ ‘-1 I S S S S S ,C CC

4- 4- v-i P—i v—I S S • S I a--i —i v_I 
~~~ N_i N s S S CC CO ci) 3) Cs-_i a- a- a- C CO ci C’ CO 1) C’, C’ ~~ a

,—.4 a--4 a C a - 4 $ $ 4 4- C _ i C s 4C’4 a - a -  a - 4 ) J ) - O N C \ J N N  a - 5 1 - C ’~~( ’. C O  O C O C O C C  a a a C’.
a a ,ç, 

~~ 51 4- 4 4 4- 4-’ a- p a- -51 51 51 —4 —4 —4 5- a- a a 51 N N ‘- -4 N ‘4 N “‘4 ‘4 ~Th it’. 51 ‘4C ~~ if’. (N (N N_i a-I —I — —I — if’. CC’ if’. NJ NJ -N (N N NJ 51 51 51~ C’ C~-4 ‘—i ,—l - 5- a a a-- a a- C s- -NJ C’.
C’.. NJ —1 — a - 4  C C a- P C NJ (‘4 (‘4 —4 ~—4 —I ~ a- a (N -‘N ~ J NJ S I I S S S S S S S S S I S

C ~ ~ ~~~~~ I S • S I I~~~~~ 5 5 5  5 5 5 5  s - C - -I —i --i C C - C CO- ’C C -~~ Cr -C- —
0 4 - v - ’ a - — 4 a - C C C O - C O C O 3 ) - c i-C- 4 --4 - - - 4 C O C O  C 4 4 4 - 4 - a - 4 C C c i C C O 3 ) C C 3 ) t 0 ) . I — 4--~ C-

a-’ “~4 0 0 C CC C ci) CC —4 —I “4  0 ci C CO 0 C ~~4 4 ~ iv-i CC’ Cf CC’ Cf N (‘4 ‘4 NJ (‘4 N Cf C’ -C’ C’
C’ C” CC’ C”. (C’ (‘4 (‘4 (‘4 (N (N C’ C’ Cf Cf (C’ C-,. C_i Ni CC’ C’ (C’ c’ , II 1 II (I II II It Ii II II IC II
It II II It II It II II Ii t I II II It II I, II II I! II II tI II U  

C N $ C 0 N - C- - C X 0 ( ’ 4 - C -~~C
4.~ .C- s-tJ 0 ) C C ’ J 4 - C 3 ) C N J $ s C C f Q ( N 4 - 4 - 3 ) C ( N - C ,4 - 3 ) 0 C C CO a - iv-I v-4 a--i - - - 4 ( N N N J (N
a- U ’ u’- - if’- s-O sC -,C s-C~~C N  N N N N0 ) 0)  0 ) 3 )~~~’. C- O’ C-- C- C-- .--’ v-i a-i ,--I ---i v - 4 a -~~~~~~~~ a-4 a--I ---i .--~

~- 4 -~~- - 4- 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 -  4 - I— k- I - a -
N J N J N J N J N J N J N JJ ’ N C - J N J N J N J N J( ’~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.

~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - > - >- >- >- >-- )- - > - > - >- >- >- >- - >- >- )-

>-C )~~X ) < * X X > < X )< X X ) - ( X ) <  ) < X V , ) < X )-C )< < > C X < ) ( X X ) ~C X X >C~~.( X )(

5—
IS

4.)
0
0
U.
I a- C

a- P a a a 5
5 5 a p 5 a a a a 

~~ . .- s 5 a ~~~~
a- a ( ,  

~~~ I - 5 p 
~~ 5 • s 5 . - a a P C I  a .  C C  I .-

~~ s s a a c a- a C - c . a a C a- a- C C’ ci) • • s a- C 5 5- P p 5- C S
C C  S I  a- I I I a -  C a - C  S S a 5 I 5’ a C 

~~~~~~~~~~~~~~~ 
CC~ S C C C  I S I 5 5 C C ” .

• • Ca ’-  s C C ’ CC C S I  5 - 5  5 - O s - s  s o c . . •  5 a . a 4 - s -  . • a - C C C C X C -  I C C
.~~~ S I 0 ) C s - t C a - C . C C  s 4 - s a C ’  4- a . - C C 4- c C ’ . S I v - IN- C . . a -~~~~~ P 0 ) C 4 - — ’
-
~~~ —4- 3) —4 v—4 C’ • I S a a- C -C-- 5 —4 ~~ s I ~ CC -~ 0- -“i -~ C a- 5- a- C’. S S I — 1 —4 C-’ a
- (5  J a-- a a- a C —C- C S I • — r—~ ~~ a- a- C- CC’ S — v-I a- I” :“. a S S s -C C _ i  C —CC’ C) a- a- a 5

a- • s S 5 0) 4’ C (N ‘C S P a a- s s 32 CC’ ‘C P a a a- ~- ~ ~~ it 3) — a- 51 C —4 5 ~ 5 0
S I 4 - 4 -~~~~~~~~.— i a--i C’--- C -  O . .  s - C- -C v--4 ---I ’- I • s s  . C O Q ) C O C X )  i - a - P a

o 4- 
,— 4- a a a a a a- s-C ‘C so a- a-i a- C 3) C~ CC CL 3) 0) C’. (‘4 (‘4 5 I S S S ‘C ‘C ‘C’ ‘C’

0 4- 4- a- v—I a-i S S S S S I v—i v—i —‘ (‘4 NJ s s S CO CL C) CO (N a- a- a- C- XC XC C C” CC’ C’ - a
Li.. a - a -a p  a ,~~~ 4 - 4 - , a 4 - 4 - N JC . , ( Na  C, O s-O s-D CsJ C N C , (N C N  a - 5 1  C L C A a ’ 3 ) 3 )  ‘ a  a i f C
I a- a .51 51 4’. 4- 4- 4- a- a • u if’. v--I —4 — ~‘ P P C C (‘4 (‘-4 •-4 C”. ‘4 C”. C, 51 51 51 (‘4

LI” 4 (‘4 Cs_i NJ a---, — a- v--I v—I — it 4’ CC’ C_i C’4 NJ (‘4 (‘4 ,C- Ci-’. 514 - (‘N v-I —i - I C a- a- a a (N (“4 C’. —I
C., (N v--i a-—I v- i 5 P a- C P C (‘.4 (‘4 C’s- v-I .—i a a a- NJ Cs-_i Cs-_i C’. (N I S I S S S S S I I S S S

I 5 I I S 5 5 5 5 5 5 5 5 5 5 5 S 4 — — i ---4 ----I C L 0 ) C f C L C X C 4 - -- C - 4 - . — I
-~ 4- a-I - a--’ C) CC’ C C~ -0 , 3) -

~ 4- 4- .—~ --i Cf CI’ CX 4- 4- 4- 4- 4- a- C CC C CC Ci CC’ CU CXC — a- C
IS a- a- C C 0- CCC CL’ 0 C-) 3) 3) a-~ a-— .—~ 0 0- CC) 0) 3) — . a- - -- C” CC’ C” ‘ I’, (9 (N C-, N. I’ (C’ C’ (‘~

C’ C’ (a- CC’ C’ C’-., C-. C., (‘4 -(‘4 (N C’ C (C’ (C’ NJ (“2 (1 C” C” Cf C’ C II It It II It I, II Ii It ( I Ii H II
II II Ii II II IC I’ Ii II - I t  It II II It II It II II ‘ II II It ii
-- a - C C 4 ” N C a - I (-’ f N C a - ( C ’ 4’

4) C LI N C a--i C-’ it’. N C” a-I C’ LI’ N C .—‘ C” 4’- N 0- v-i C”- if- N C C C C C C a--1 a- a- a- v-- C’. C’~ (‘4

,~~ ~
— 4-fl, I~

_ 
~ ~~ ~~ 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 -  4 - 4 - 4- 4 - 4 -  I— I---- 4--- l---- i.— I— 4— I--- 4— I— I-- P.— 4- t— -- 4 - 4 - ” —  -

.1’. ~— NJ C-’. N,. NJ NJ N_i N_i NJ C--, N_i NJ (—4 N.J NJ N.J (‘4 N.J (‘4 NJ NJ NJ C- -. N.J NJ (—3 N_i U-’. (-4 U- . (-4 NJ NJ N4 N.J
> > > > > > > ~~~~~~~~~~~~~~ > > > - CC’- > >- >- )’ >- )-- ;.- C’- >- ;-- >- >-~~ s--
)‘ )- >‘ )( X )v )< )< >‘ >‘ )< >‘ >‘ >~ )< > CX  ~‘- ~-CC )( >, C’-’ )< >C )( ~~~~~~~ )- )~ >‘ >‘ ~~ X C-C “ >‘ ).

hI 

127 

_ 
i_
~ _

__ _____.______ J_•~__ — -‘ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ , ,‘~,. , — 4



____________ _ _ _ _ _ _ _ _ _  
_ _ _ _ _ _ _ _

~~ zI~—~~

* a- p a a a- a - a  a
v-i — —i “4 —4 ,,_4 )

a P a- a- a- P P  a-
a-I 4 v - i  .-i v—I ._4 3

a- a 5- a- a a- a- -
a- ‘-I -4 v-I

a- C C  a- P a - P  a
—4 — —4 0 CC C

a- C p a a- a - i ,  a
v-i a-i — a--i ci CC- C ci

a-- a a a a a a- C

— —4 —I C- 3 ci ci ci

a a- a •
a- a- a • a- a-

C’- - s a- S a- 3 5  C) C- C S
a - a  P O C O S ,C- s a - ”~J 4 - a a  C C - C C -”.

II S I a a- I Cx) CC 4) a- a- a- 4- -N • —~ it’, ~ ~ a- —4 - —4 ,_.4 C’—
NJ -C 5 I 1) —1 —4 ‘C’ S S I a- a- --4 N— 

~
) a- a- C- CO s a a a- a-

—C s-C N 0) -4- —4 a- a- a- .3 4- CC I I a- a- C a- I S C C C I • • •
CC’ II  v--I a-—I C” J’- a • I I CX) 4 C -‘N ‘C I S S S (‘N ‘N ~_I --i ‘C’- ~t -4- --4 —4’

a- a C 5- 5 0 0 13 4 — v--i C’- C”. C N C-_i Cs-_i “- ~~- a P P 4- -4’ 4’ -4-
C 5— a 51 ~ ~ ~ ~ S P a- a- a- C a- a- a- a — - N- a a- S S 5 —4 —4 —4 a-

u 51 4- C C 0 13- a- f’. 51 5 • S 5 5 5 a- a a 51 4-’. N ‘4 ‘N a- a- a- P —4.) “C I a C 5- 5- 51 (N NJ ‘N C) CC -D C) C- 0 51 51 51 NJ N C-— — C— CC , ) 4”. 4’
—4 4’. ~fl fl 4”. NJ —4 —4 —4 a- a a a a a- S-NJ C’3 “4 v—4 ,—j a- a a- “4 (‘-4 -‘NJ ‘N0) C ~

— NJ.N C’s-J NJ 5 5 5  5 5 s • 5 5~~~~~ I I 5 5 5  I S S I S S S
0 C”’. I S S 5 4  ,—i v--I a - - - l 3 ) C )  3), CX) - C C C  4 - 4 ’ s-CC v-4 —i 3) C C C  ‘C 4 - s - 4 --C)
.1’. ‘ C 4 - 4 - 4 - 4 0 0 0X ) C C C C 3 ) — 4 a-4 -- 1 c i 1 3 3 ) C C C C~~~~~a - a -~~~’r-1 P a- v— a- a- CC’ N (~ C’ NJ (N C.. (NJ NJ Cs-, CC’ (C’ C” C’ ~~C (‘4 C’. (‘4 C- - C” Cf C’

0) a -C- CC’ Cf C” ~ II II II II It II II I I  I I II It It II II II It II II II It II
I l —C-’ ~

‘( I I I  11 11 4
.~~~ ‘i 

~~~~~~~~~~— C (N 4 - ’ C 3 ) C ( N 4 - ’ C Q 4CC’ (N -0 s C 3) 0 ( N 4 - 4 ) 3 ) C ( N
C” a-I it (‘4 -C- s-C CC a- a-I v_I a- a- NJ (N Cs_i NJ (‘4 CC’ (“C C’ Cf C”. ‘C -4’ 4- -4- s-Cr 51 CI

(5 ‘ - 0 . -  — --i ~~~~~ -
P 0’ 4-’ C” I— 4- I— I— 4- P.— I— 4—’ 4— i— 4— 4— I— 4— 4- I— I— I— I— 1— 4— I— 4-— 4-— 4— 4—

N J —  C O — i  s-- J N J J N J N J N J N J N N J N J N J N JN N J N J N J N J N-~J N-_i --4 r-’- J - s-. J - ’--_i

0 -,0 ---I a 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

0 C a- 0 0 ’  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ > < < x x < < x < - . -
U. N - C L
I C —

CsJ ~~ ~~~~ CCI—. 4 - a  N - C C

>‘. ~~ -C ’ CC Ii N

~~ a- C ’ —~ f’ —’i
“— p

U) 4’ • 3  a - f l
P 

~~~Nv - -  -N NJ II
-
~~~ 

v v  51 C C  C-— v--.
(5 C I I  -4- v-I s-C C

a a -3 CC CC C’— C 5- P

4.) Z >- C NJ — -3 “4 — a 5’ a- S a- 5- 5 I P

0 C —~ C a a- a-I a- 5 a 5 5 P 13 5 5 C C s
o C a- — ‘-7 ~f’. — 34 a P a- CC S a- CC C I a- C C a- a a- C’

Li.. 32 • ‘C C 4 -  C C ’ ”” ‘C 5 5 S C  P V C C ’ - 5 a a- a p C - ’  I a -  5 5’ 5 5’ 5’
• ‘0 C- ‘“ a-’ —I — a- C C C S I S S • (~ 

S S a a I I C’ I I C I a-’ (‘-4 4- 5
‘T~~~(N a 0 - . .  ‘ —l 

~~~ 5’~~~~~~5 ’ C C C C -  • a C C S  • S C C L  S , L C C C C a C  5 4 - N C
II “ v_I C’ -4 ’ “- 5 5 5 P a a ‘C NJ S • a C C C’ C- C —C) a--I C- .i • a- C v-i a-

4- Lt.. ~‘-_i P -51 II a- 3 -1’ C. -S ~(-: S S I v- N 0 5 5 I’ C C —1 a-’ C’ a- a- C - 5 ’ 5 ’ a 5 ’
L4,, ~~~ a- I—’ —vi — 1’ C ii —i a; 4- ( (N , 51~ a- a a’ (‘4 ‘C S S I C .- * 5 5 5 C S S S S

(5 ( a  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ S I ’ LN C 5 1 ( Z  ~~~~~ S (’ ( N ( N”~~~~~~~~~~~~~ ’C~~~~~~~~’.N .—
~ (‘4 a C’ C’.  a (‘4 ,~‘ a a a a a- I C C C — a--i CC 4’. v - i  ‘4 C,. C’. N s-

~ 
— a- a a ‘C

II a- C s-IC ----4 .1) ‘C ‘C s . a s s C a a a p a i’ a a-, N— C’~ N a- a- 5 5 5 4 ‘a- v--v
C 3) CC’ —i  C -4’ C v_i —

~ C C C C C a 51 4’. it’, I I I S I a- C a 4 ’- 4’ 51 C-C NJ -‘N a- P P

.4..) )~‘ v—v P C v— - a- — a a a a a- a- if NJ rs-c “4 C C C C C 4’. 51 -1 (N N, Cs_i N (‘ - N- 4’. 4’. if
Q~ 4- C 4’ ,_i a- -4’ (C’ 4-’ C, - cC’. 4”, C’. — v_4 • a a a P (‘s-_i NJ (-‘S, a-—i v-I — a a a- ‘N ,NJ C’ ,

CCC (‘ ‘i, C ’ C C ’ C 1 3N ( N N .C . ,NJ 5 5  S 5 5 5 5 5 5  5 5 5 S I  I S I S S 5 S

__ 4—’ L — P — a- C v— S S S I S s-3 v--I v--i — CC CC’ 3) Ci, C, -4 —4- — C a- a- a- Cr (XC C’) - “CC s-CC
L 7 L C 

~~‘ ~ C”. — ~ ‘C 4- 4- 4 4 ‘0 v-- 0 CC’ 0 ~ 01) 0CC 0 C’. a- a- a- C C C CX C- 3) v -  a-— a-—

-4’ • I t N . N ”- ( ’  -‘ P a - C C v — ” v-- v-- v.’- . - — C f C -  C f C - C , C C I N(s-, C ” C  C’ C’ C C ’ ( ’ .(- C s J C ” C ’ (’_
~~ C’s-_ C —‘ —4 a —4- ‘—- a- C CC’ P C’ C” C’~’ C’ ‘C C- I IC IC II II II II It (I H II II It II Ii IC Ii II IC

P 4 - a - I  P C ’ (a - t a-. ,1 11 11 11 11
— IC a-’ s-C a-’ N a C C’ a-4 s--c — -_-- — —~ ‘-- v-- Cf U’ N- C- a- C - ’  u N C- a-— C’ U’ N C v-i (( UI N C- a-

t,~~~ II C-C II v— - C -O a-—’ CCC a - - I  (“C .4CC N’ C a--I — v--i — r’-I (‘4 NJ NJ C_ i (NJ CC, C” C’ CC’ C-’ 4- -4 4- -4- -4- 4’
>‘ - _ , C  a (~’ ,4 C C s - _ i - CC
CL C ~ - a-I N —I C’s- C-” 0’ a-— ~~~ i— t--, 4— 4-’ 4— I’-- 4— 4-—’ 4— 4--’ I— 4-- 4— 4— 4— 4- - 4-’ k- 4- 4--’ 4- 4- 4- 4- 4- 4-’
C < ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ N. N.. C-s-I N,. U-,. C”,. N,, C--, NJ (--4 N.J N-_i r ’~ -N N-_i NJ (“-4 NJ N N - U-’. ~~ NJ C--. NJ N,

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~: 1  Z L .— — — - — — — - — — ) .  
~~~~~~~ X X ~~~~~~X ” < > -~~)’C

)-( >s- C-s- )< ~~~~)- )< >; > - , X~~~~~~)~

126

-~~~~~ - ,.,
~~~~~~~

_ - -  - -s - - ~~~~~~~ - -___________ -- -



II :a-II ~~~~~TT TTT I~~~~~~~~1a a  ‘ ) 4 X) S I C 4 - C s - J S a a  • vis- - 
-4 4- -~ -7 a

C’ S S a- 0 4- 3 N ,0 s —4 — ‘1) 5 I a- a- a-- NJ C) C a- a- a a
a- CD CX) 5 —4 —4 —I - CC’ C a a- a- CS_i -C a • s • a- —i -

~~ ,_, -- ,‘. 0’.
. O C C’ O a - a 5 - a - a - a - s. .‘O N CD ’ 4- C C 4”  S C  —I C-s-_i N ~‘4 a-

C) —4 —4 C’ S S I I S S (N NJ NJ ‘—4 —4 7’ -51 —4 C a- ‘s-_i s a a- a- ~ -7
-O a P a- N N N ‘N NJ N C’ ‘C’ ‘C’ a-- a- a a a- — I C’ ‘N -j _i -.

~j 
‘CC C’

CC’ S 5 • ‘C’ ‘I”. C’ “C C’ C-, 4- 4 4 -  5 S I S • C- 4- “I C” ‘I ’. ,C’ C
a - C  a - ’ N N N ’s-J C”_i a - a -  a 4 -  a a a- P N —

__ ~fl C ‘0 s-CC a a- C a- a a 4-CC 4CC 4’. CC’ CC’ C’ ‘CC C’ . S — C N— “- C~’ 4”.
V N f l C ’ C ’ 5 1 S ’ . 5 1 5 1 5 1 - 5 1 N JN X 4 - 4 -  C r 4- 4 ’ J  N C ’ ’ —  C-’ ‘C C”. ~~ ~
0) —i a a a (‘v_i N NJ ‘4 -‘4 (‘s-_i — v—I — C a a a C ‘~

-C “fl’. 4’S 3’, a p a a “C
S S S S I S  S I I I S S S S S I S . - .C1- -4- • 3 ’- CD —i N C’

•a- — I 0 C C C C~~ 4 - 4 - ’ 4 - t 4 - 4-v-i ---i — 4 D t  O C O C a- a r t S  NJ C’ C’ C’ a-
,~_ CC C CC CC) v_I I v-I —4 v_i C C C) XC fl CC) CC C I S C’ CI) C’ a a a a- 13
C C’ N ‘N ‘.1 C’ CC CO C’ CC’ C’ CC’ (C’ CCC -N (‘4 ‘.JNJ  -N C) C- ‘N CC) II ‘N 4 ‘30 - it It IC II It CI II II II II Ii II Ii II It II IC II II II It II I—’ II It II It II
L) 4- ~~

, — — — — —
~ CC C - N 4- ’ C C C N 4 - ’ C C C C ’ N 4 C C C. ’ 4 4 - 3 f l C 2  -4 ‘-1 (‘4 C”. -7 J’.

5- . N” C ’ C ’ C ’ C C 4- -4 -4 -7 .4’ if’- 4 ’ J’ J’. J’ -O ’C , Q ’ C ’ C N - —  S —

0) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ v-I —i -’- ---~~ - - -i v--_I,---I v---I P a ‘C ‘C s-0 ‘C C
4.) 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -C’ — 4 ~~ 4 ~~ ‘
II v_i 0) C) -CC 0) C)

-~~ N J N J J N J J ’ 4 J r - 4 U-, . N J N ,’ N N J~~- J - , J N J N J ’ - Js- J - ,. Cf) I 4— — 4—’ 4- 4-- -
V) >-> ‘ >- ) >‘ >- > >- >‘ >- >- >- >‘ >- )- >-~~~~

-- )-- >‘- )-- >- >-~~~~~ 0’ 0’ C’ 0’ 4”

V ~~~ X X ~~~~~~~~X > X - ( X >’C > _ i X X X) < X ’ . X X ) <><~~ < 4 - -  4) s-Cl - -CC ‘
0) —
C
0) a a

-
~~~ 

.— 4-
S.. I C
40 4— -4
= - a- u~ 4 - 5 1

C 4.) 5

0 0) 13 S C -
0 a a a- C) “‘- _i’ p a- p - C’

Li.. . 5 -  a - a  S I P  (“C a - 4 ’  51 N- ~~
- -v - I  £~~I 

~~~~ I S  a - a - a - C C -S IC a - C C  - 3 5  4- s-IC N-

C C • C CC S S I a a- C- a-- 5’ a -N S I — ~J a-—’ a- P P - a- —
a- a- S a-’ ~ a 13 4”. C • S a- S a a a a S CC- C C~. ~4- 

a- “C 4’ —~ C’ N-
— >t • S C I S S a - 5 ’ C C L S C C C C CC’ S S a C ’  C I I  -4 ’ s-C s-C s-C ‘CC ‘I’ a-

.0 CC CX) C 5 ” - s-X’. I I  ‘ C C C  C C C  a- a- a - C C  . 4-  •- ‘N C. ‘- cc a s -C a N , C ’ C
(N —i S a -C 4 - N IC - 4 - C C a - - - .v--~~~~ ’ 5 5  S a P 0 ) v ’ I S C’ C )  I ’-
a a ‘C S a v--i — C-’ 4-’. a--i a ~ a C -4 0 S S a- I C ‘4 4 ”  CC 3- CCC —“ P C’, C S_i ~ N 5’ 5’

-~~~ 
- 

5 5 ‘C’ NJ 5 a- a a I’ I’ S I I f~ -4’ C (‘C - 4) S a- P S )-C a-’ ~~~ a a- C’ a- ~‘ a- C a- — C
V CC CC — N- C- • S S I I C’, C -  C’, v - i  — N- C’ CC) 5 5 CC’ a- ’. ‘4) I s-C C s-I ‘4 ,,‘ -~~ 

s-~) C’.
4) -XC a- a a- N C_i  ‘N C’J Cs-C C-’ .-‘ “ a- a C a a-- a-- CC Cs-s ‘C 

- - 
- uj — a- ‘N a- C’,. ~ ‘-s-_i • N a- a

C’ (C’ I S S ‘~ ‘-a- ’ ‘a-’ (~~C C’ -~C - -3 I • S I I I “ Ca- - v--v a- ‘4 4- • 4~’. a- a- N- a • • C ‘C
4.) a- a- C C C 4’ -4’ - a- 4- a- a- a- (‘4 (‘i (‘4 (‘4 (N -N -4’ 4 a- - I -IC a- a- ‘I) LI’ C LI’ (NJ ~~

- -) ‘C CC
o CI I’ s-CC- ‘C ‘0 a- a- a- a- a 

~I 4’ 4’ C” C’ 0’ C’ C” C’- C a-- a- S I! L -3 L. ~~ a- 4- a- 4’ • -ç’. a- -I’. ‘-o ~‘-_i C’ J C’ - CC CC’ 4-’ 4’ 4’ ~I’C -4 C’. (‘4 C’ C -4’ -3 .4’ -4’ -4’ 4- ~“ N- C-_i I— s-C • N- a ~~~ C-, a- C’ a- .3 a- 4’ ‘4”
Ii.. — ~ P a- 5- C-I C’, ‘4 C_ i C’. a-- i  a-_I a- -_I a- a- a a a a- -. 3’ C” a-- — CC, 4 -  Cf a ‘C v- - v’- C’ ‘-“ ~‘4 — 4-’.

4 . ~ ~ ~ ~ ~ S ~ I S ~ S S s . 3 3 4 - C ’  C’ C’— a ,~fl • a .~4 a 4 ’  0- 4-- - a - —”. a - a -

~~~~~IC f C C C C ’ C ’ C 4 - ,”' 4 v-— v-_I v- I C C C ) 3 ) C C C L C C )  5 5 C C ’  C f — S  SC ’s- II a C ’  a - ’ 0  a - 1 ’
C C C C C C C C ) v -— ’ v - ~~ a--~~ a - ’ C C C C C 0 C C C C C CC 0 3 ) C c.  s C CT

I C” C- C’ C’, Cs-_i (C’ C- - C”. C”’ C’-- C’ C”’ C’ C’. Cs-I Cs-s-C (‘C C’s-l NJ CCC- 0,’ CC 0’ C (‘4 II II v— U’ 5- II P Ii • II
I, I’ C ’ II It I’ If I C (I II II XI I IC II IC II I’ I i IC II P 5 II - I C  a--’ (~C ‘ I_C’ C’

- ‘ 4’ I I  “ v-i C v—’ I, (N Il C’ 11 4- II
N- 3) C”, 4’ N’ CC a-i CCC it C’ 3) a--’ t~~ ~~ N N- v I  C’ 4-CC N CC — a-- a-— a- a a-- a- - -‘
C’ - -, v-C ,‘- a-a-’ ,-Vs- ‘* ÷ * -‘ — - , - a-’ ‘ ~ a-s- -4’C - ‘ - — a- a- a- - —‘ —- —‘ v-C __ ~‘ — I N
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ (\ ( ‘ J , (\ ”C ’ J ’~~

(‘4 .- CC
~~
~~

5 4  > > - > > ) ‘ > > ‘ > N - > > - > > N ’ N - - L < ~~~~~~~~~LC C I a - ’ v - a - v _ a - a -~~~~~~’
Ca-( )< > )< )( )< >( >~ )( >‘ >- C-. ‘< >< >< >4’ )a-C (” C-’ C-C )< C—C 7 2 C~ CC ‘ l~! t~’ C,’ La - C C u ~r i~~-” ~I C’

J 

128

,~- . -,‘ ~~ _~~ --~-‘--_,,- ~~~~~~ &‘~~ --‘-‘ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -. ~~~ , ., 
,_, ,_, ~~~~ -, S~rnC ’- - — — — -‘



‘

~~~~~~~

- 

‘ 

‘ 
-

C)
is-

-0 N ~~ 3’ a-
-0 -~~ C CO -
C a a- a- ,-~4
7’ CO ,rI -
) -~~~ —I — a-

‘-4 —4 —4 —4 (1’
a- a- P P ~~—‘ 0 — o a-

CO CO CC) CO -N
P P a- a C-—
3’ -3 0 CD a-

~) -0 -C N- CC’
P a- a- a

~“I -3 C-- CO a-
V 

‘ 
~~~ 

CD
di 5- a- a- a (C)
V N -4’ -0 CO ‘-~
~~ 4” 7’ 4” 4’s a-

C a- a- a- 0
4’ -4’) N ‘—

o ~~
‘ — N— —~ 

p
o a- a- a- a- 51

‘ 7’ - C’ 4-CC
5- ‘~‘ ‘4’ -51 51 XI

It II II CI— — — — CC
I— 4- -XC CC’ --“
0)

‘0 s-C ‘0 s-C ‘C’
--4 -4 v-I -4 -4

V C’) ~ 0) 0) 0
0) 4- 4— — — 4—
C CX’ 4” 7’ CX’ 51
-~~ 4-) -‘C ~r 4-C ,‘-

~ a-—~ “s-i ~‘, 4 CC
5— C(’ C” C”- C” C-” v_I

40 - ‘ ‘ ~‘i 0’ — a-— a-—4 s--C a-
a- If 4’ a- ‘C C a--i (s-_i

a- ,
~~ — —C) — CX) r—

~ C a

o 1) a- I’. a- Ci a 51 a 4’) — —I

o ~~
- - “ —

~ 
— N a--. 3)- —4 s-C- a-

C) (‘4 4- 4- —, 4’ a 4”. a- ‘51 a- 4-CC C v—I 4-
I —I —4 ,—4 a- — C .—I — a-— ‘N ‘ “C a “ ‘.

C~J a-’ .— — a-, 4- a Cf - C C-’ P (a-C a CC ‘C .—
a a-’ a- a- —4 04 v - I 5 1 C v - - 4 ’ C ’ N a - -N - C C --’ Jj v_- P 3 )

CI) C) Cs-s-i -~~ a--’ C a- (NJ a-—i C Cs-_i a-- P a-’ ,. — P Cs-_i a- C’- C’.
~~ C ~“4 ‘—I — C a-—~ 3’ — v—I a-—4 a-— a-— C’, — a- 4-C .— P -~~ a-

a-—’ a- — — —i -t a- c- a a- — a- a- — a- a- —4 a- CC v—4 C —

4fl P C ’  a- a - a - C -  a- C ’ N - C C a - 7 j C a - ’ 4 4 - 4 -~~ - , C 4 - v _ i a-_i a- a- Cs-
CC’ CC 4”. CC) a-- CC, ‘C’ CXC a- a- a-i a- 4- —4 a- s-CC a- 5’ 4- a- C 51 - ‘ LI’ - - - -

. 4- a- ‘C a- s-s ‘ s-C P CCC N a--- C a-—i a-i — a-- a-— a-- ,- a- — a- a- ‘N a- a--C a( s-

40 (‘-‘ a - C f  a- ’O~~~~ P 4 -N C  a N , a - P C ”, a a - C ’ s -  a . ( ’ J a 4 - —  ~
~~ “ N  C~~ - C C ’ C _~4 C  a - v _ 4 C C a - —~~(-’ C  C ’ C ’_i - - _ C 3)~~ - ‘ C-

( N C a- C . — iC --4 N- ----4 ---i a - ’  a- , ,
~~ 

a-~~~ p -a- • p ,’ _ s -
~~~~

s- C C C C
4- a- a- a- a a- C a- a- C’ s-f — N- — —‘ ~~‘ a- a--’ — i  a- C’ a- ‘4’ 

C C CC C

o a- ‘~ ‘N -“ C- S— c- -, s-c- — c C 7” a- a- —Y~ a- a- “- a a -s- a- - * ,--i a- C C C
IJ~ ‘~~~J ’C C ’ (,,,7’C~~~~~C a - a-’ s-~4- a - - (_ i X a - - i C ’ C ,_ , ’C N~~~~~4’.,.’C
I ~3 a - a- a- a - a - a - a - a - 0 ’  a - C ” .  a- C C ” . C C 4 -  a C - C C  . (a - . - ’ . C

a —4 a ‘a- p (‘ a- N P C)’ a--. a-—’ 3)- a-I — C’. a-v a- a-, a- v-a- s-_i a- a- ‘4 a-’— a--CC < ‘--, >- C’s- ‘s-i C’-,,
Ca-J ~C 7 ’ N - CC’~~~~;~~~s- jvs- v~~~c a - 4 - a v _ i a a - C s - JC • - J P a -’ N C - -I a -

a- a- a If p LI~ a- s-C ~,4 
a- a- a-— C” C’ ,4’ cC —I ~~ C-— v—4 —CC C P N

a - ’ C a - C  a - 0 ) p N J p f l C ’ s -3) P C N P C 4 -  a-~~~
, p

~~~~~c c  C C C C ’C C ) C
(5 N 3 CC “ v - f l  C 4 ’  a-— a - s - 4 ’  a - N , , - - ,  a - .  — p - a- v- •~~~~~~~ a- — a--.~ 

C C  C C C  C C
4 v—i a- it a 1_i • C C C ,- 4 - I I C’ CC’- IC 4’, CJ XI C — J I I C 4 ’ 0 I ! C a --’ II C C C C C CC ’

it a_i II C II “4 II ,- II CI — C’ II v-- II — !‘ 
-
~ !! — — - ‘ 

— — C IN N, Cs-_i (‘4 C, I’-

~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
C - a - -- - v - . -- ’N ----’ ----- c ’  _ 3 ~~~~~~~~- 4 a --*~~~

a- — - v_— ~~~ — ~~
. a-, v-_ i a - a - a -  ~~~~_ a - a - a - _ a - , - _ a-- ~ . ~ S S S I S

“J ( N -  (\ -  (N ‘N (‘.J 3 ’ N - a -  4- ‘N ~) (‘s - —~ 01N 3 r \  C C C C C C C C  C C
CC 0 

~~ C- C)) C a-r C CI) (~ 0,— C C ’  — c ~ — c ~~ — a — c C C C C C C C C C C

~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
C C C C C C C C  C

N’ 4— N- - N I— a-- I-’ N- I— (‘- 4— - N 4— 4— C - ~~
- i- ~

- 4— I— C- 4— I.— C’ - N, Cs- (N (N, C’s- I’s- (‘4 (N C- - N
v_I v- - ’ a- a- a- v_I a-, a-—I a- a-— 3 a-—’ a-— 7’ a- a-- - -CC a- a- C) a- a-— C a-

C ( f I f I~’ C,’- Ia - ’C, C,’ If I, ICC l,’ t,’ v~~~’ C ’ v - , - ,, C C ,  I/ (f (-

129 A

J - - ____ , , -  - ________ - 

I, , ”



— - - --‘--~‘s- .—‘-- - s-s-’a-’s- ”~-~s - v _ C a - ’v-v-

i” — - - - a- - - ‘

r

6.2.5 Results

The first 20 eigenvalues and eigenvectors were de-
termined and used in the nodal super pos iti on. The f irst five natural
frequenc ies are *i = 81.1 Rad/Sec, w2 = 185.9 Rad/Sec, _ i 3  = 240.8 Raci/
Sec, w~ = 242.2 Rad/Sec , and ws = 324.7 Rad/Sec.

For nodal points on the 24-foot radius arch and the
- 

- 24 x 72 foot shelter l ocated at similar locati ons near the crown
(Figure 71), it can be seen that the response of the arch is quite
simi lar to the response of the she lter , when subjected to the pressure
load of problem 6.1.

~~~~~~~~~~28 4l
5~~~~~~~~~~

Arch

Shelter

-ç

FIgure 71. Comparable Nodes on Arch and Shel ter
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24 FOOT RADIUS ARCH

Node Display Max Valuc. Time @ Max 
-

28 AX 0.3680 0.0300 -

-

28 AZ 0.5846 0.0280

41 AX 0.1690 o.Ol4a

41 AZ 0.5024 0.0280 
-

v i  54 AX 0.3521 0.0720

54 AZ 0.5690 0.0280

24 x 72 FOOT SHELTER -

Node Di splay Max Valu e Time @ Max 
I

50 AX 0.3875 0.0280 1
50 AZ 0.6308 0.0261’

51 AX 0.1534 0.0140 - 
-

51 AZ 0.5733 0.0260

52 AX 0.3511 0.0640

52 AZ 0.6106 0.0280

A mesh plot of the undeforme d shel ter i s shown in
Figure 72.
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6.3 Dynamic Analysis of a 24-Foot Radius by 72-Foot Long Hardened
Shelter with Endwal’Is

6.3.1 Introduction

Fifteen-inch concrete endwalls were attached to the ends
of the hardened shelter described in problem 6.1 and the shelter was
reanalyzed using SAP IV.

6.3.2 Finite Element Model

An endwal l , composed of 10-plate elements , was attached
to the shelter model described in problem 6.1. Figure 73 shows the
ass ignment of nodes and el ements for the endwall. The endwall was placed
at y=O to be consistent with shelter that had been previously analyzed.
Syniuetry was again invoked.

6

25

\\

~~ 
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I f ®
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~ 
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167 170 27\ \~
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11 118 
1 4 1u6 

28\ ~~~

FIgure 73. Element Assignment Shelter Endwall
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The shelter with endwalls was struck by the same pressure wave as
described in problem 4.4 and 6.2. No pressure has been applied to the
endwal l so that a comparison might be made.

Th~ first five natural frequencies are W i = 126.2 Rad/Sec, W2=

203.0 Rad/Sec, w3 = 236.5 Rad/Sec, w~ = 330.4 Rad/Sec, and W5 = 349.9
Rad/Sec. The slightly higher natural frequenci es confirm that the shelter
with endwalls is indeed slightly stiffer than the open—ended shelter.
The elgenvalues and eigenvectors were used in the subsequent mode
superposition analysis. ‘1

The maximum displ acements due to the pressure waves at a point
24 feet from the end wall (y = 144 in) for the two shelters that were
analyzed are:

24 x 72 ft Shel ter

Node Di splaceme nt Max Val ue Time at Max

50 
- 

0.3875 0.0280
50 0.6308 0.0260
51 0.1534 0.0140
51 0.5733 0.0260
52 0.3511 0.0640
52 0.6106 0.0280

24 x 72 ft Shel ter
Wi th Endwall at y = 432 in

Node Displacement Max Value Time at Max

50 0.232 3 0.0240
50 0. 3110 0.0220
51 0.1279 0.0120
51 0.2728 0.0220
52 tX 0.2165 0.0160
52 EtZ 0.2974 0.0200

It can be seen that when the shel ter is struck by a dynamic load
the endwall has a sign ificant sti ffening effect.

FIgures 74 and 75 show two views of the element layout for the
hardened shelter with endwalls. These plots were produced using the
mesh plot routine of Appendi x C. ‘
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Figure 74. View 1 of Hardened Shelter with Endwall
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Figure 75. View 2 of Hardened Shelter with Endwall
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- 6.4 Application of SAP IV to a Prowed Door

6.4 .1 Loading
- 

A prow-shaped rolling TAB-VEE door is subjected to the -- 
-

following loads :

Case 1 - Static uniform pressure

- Case 2 — Dynamic uniform pressure wi th the time history shown in

Figure 76.

Pressure (Ps i )
— psi

0.00 0.0182 t ,sec

C 
a- 

Loading Function

— 

f t

I

Figure 76. Prow-shaped Rolling TAB-VEE Door
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6.4.2 Finite Element Model

a- a- The prow-shaped TAB-VEE door consists of three parts:
collar bul khea d, a rmor door , and floor frame. The finite element model for
th is structure, shown in the following di agrams, inc l udes three grou ps of
el ements: thi ck shell , thin plate , and beam elements. The thick shell
and the quadrilateral thin plate elements are used to represent the bulk-
head (F igure 77) and the armor door (F igure 78) , respectively. The beam
elemen ts are used to model the reinforcing ribs and the floor frame (F igure

- - 1 79). Al so, because of symmetry only half of the door has to be modeled with
symmetry conditions imposed t , the center plane of the door.

The dynamic calculati on was performed in two parts. The
— first set of data for the dynamic cal culati on generates the eigenvalues of
a- the armored door and wri tes a restart tape . The secon d set of data causes

— SAP IV to read the restart tape and generate the model solution using the
calcula ted eigenvalues.

y
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Figure 78. Armor Door
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6.4.6 Results

Stati c Analysis

Maximum deflecti on (at node 34)
u -  -3.89 in
v = —6a - 23 in

= 5 a - l l  ‘ifl
Maximum axial force (in beam element 9)
P1 = 6.279x10k lb
Maximum bending moment (at node 20 in beam element 10)
M3 = 4a-789x 105 lb/ in

One view of the armored door mesh is presented in Figure 80.
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Figure 80. Mesh Plot of Armored Door - with Node Nun~erlng 
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-: 7a - SUMMARY

These problems have served to provide some guidance wi th regard to
the accuracy that may be expected wi th SAP IV. For examp le , the stati c

— -
- response of beams and p lates agrees qu ite well with class i cal theory with

very few beam and plate elements respectively. Similarly, the use of a
small number of thick shell elements wi th very large aspect ratios appeared
to be adequate for thick plates , arches an d sh el ls.

For those cases where other analyti cal predicti ons or experi mental
data were ava il ab le , the resul ts of SAP IV were reasonably close when

a- account is taken of the rather l arge el ements , different boundary con-
- di tions and linear assumptions that were used throughouta- There is no

question that SAP IV can be extremely useful in assisting an engineer to
- 

‘~~ optimi ze an aircraft shelter or shelter system design wi th respect to
- protection or cost. This latter conclusion is based on the analysis of

the shelter and the prowed door that represent fairly complicated but
realisti c components of a she lter comp lexa-

These problems have also illustrated the value of the free-format
input program and the graphics package . For each problem , each input
card contains nontri vial data that is easi ly constructed and understood .

- 

~~
- The flexibility of the plot package is indicated with the various views

of the finite element models as well as with the time histories of several
a- parameters that are signifi cant to the engineera-
I
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SECTION V

CONCLUSIONS AND RECOMMENDATIONS

The i n i t i a l  decision of choos in g SAP IV appears to have been a good
one. The problems associated with installing and using the program were
much fewer than might be expected for a large code a- Several problems with
classical solutions were run to gain familiari ty with the code and the
numerical results were accurate, Furthermore, the solu ti on rou tines ,
especiall y the modal techn ique for dynam ic probl ems , were efficient and
easy to use,

Al though the basic code was quite satisfactory , it was evident that
very little effort had been made to make the input and output data conven-
ient for the user. The input data followed a rather rigid format wi th the
requi rement of blank spaces and blank cards very conmion and somewhat con-
fus ing at best. There was no method to check the input geometric data
~ vrønt h~, r~ n~~~fød ~~v’a- ruiHnt, wh-i rh ~~ no* ~ u~~rv ~ri~~h 1~ mathM ~cn~ t~~ i11v
for lar ge prob l ems . The ou tput, i n the form of printed data and plo ts from
a pri n ter, was cumbersome and rather unsuitable for the analysis of compli-
cated structures . Furthermore, it was evi dent that the code had been con-
structed primari ly wi th metal structures in mind , since there was no - ‘

i ndi cation of property i denti f ica t ion for concrete or reinforce d concrete
structures a-

Since the prima ry objective of this study was a code that could be used
in the dynamic analysis of concrete and reinforced concrete structures, it
was necessary to derive a method for computing equivalent linear bending

• stiffnesses. For any realistic dynami c envi ronment a gi ven structural
member will experience both positi ve and negati ve moments. Since many
members used in aircraft she lter systems are not symmetri cal wi th respect
to positi ve and negative bending, it was necessary to extend an ex isting
method to this case. The equivalent bending sti ffness that was proposed
was an average of the stiffnesses for the cracked and uncracked sections
for both positive and negati ve bendinga- The results appear to be reasonab le
based on a limited amount of other analyti cal data.

The free-format input program that was deve loped simplifi es the input
of da ta for the avera ge user. Th is pro gram takes data in a simpl i f ied or
free-format form and converts it to the format required by the SAP IV code.
Thus , the user has the option of using the free-format form or of bypassing
this program and submi tting data in the SAP IV format. With the free-
format Input p rogram , cards can be input in any order and only nonzero data
is required. When certain data, such as boundary conditi ons are repetitive ,
or nodes are equally spaced, the program generates much of the data
for the user. The result is that the free-format input consists of the
minima l amount of data that is required for defining a problem. Not only

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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is this extremely convenient to the user , but the chance for error , such
as a wrong number or a correct number in a wrong column , is signifi cantly
reduced.

Even with the free—format i nput there is still the possibility of
errors in node or element definition that are extremely di fficult to
detect. The mesh plot program was devised to assist in this important
aspect of data checking. Furthermore, a graphical di splay of elements
can easily show elements that have a bad aspect ratio and can give a
general indicati on conce rning the degree of refinement that is almost
impossible with printed data.

The mesh plot program has several opti ons that were incorpcrated
to assist the user. The viewing point is specified and can be changed
from plot to plot. Some of the options that are available incl ude the
fol lowing:

1. A plot of all nodes and elements with labels

2. An unlabeled plot of all nodes and elements

3. Labeled or unlabeled plots of just the beam, plate or thick
she l l elements

4. Labeled or unlabeled plots of specified subsets of beam , plate
or thick shell elements .

The regu lar output of SAP IV for dynam ic probl ems cons ists of
spec ifie d numer i cal data at each t ime step and pri nter plots of the same

- 

‘ 
information. Neither of these forms is generally adequate for efficiently
studying the response of a structure or for incorporating such data in

a- - 
a report. Thus, a time history program was constructed which maintained
essentially the existing control parameters as those used for the printer
plots, but which allowed the use of plotters that are usually available at
any large computer installation .

A review of the output parameters for a typical dynami c analysis re-
veale d tha t time h istory plots coul d be conven iently comb ined i n groups

a- of three. According to the parti cular element and node model , these groups a-

we re:

1. DIsplacements at a node

~~~~ 2. Rotations at a node

3. Bending moments and torque for a beam element

4. Shear resultants and axial force for a beam element

160
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— 5. Membrane resultants for a thin plate element —

- 6. Moment resultants for a thin pla te element

- - - 7. Norma l stress componen ts for a thi ck shell element
- 

‘ 8. Shear stress componen ts for a thi ck shel l elemen t

- 
Within any such grou p, one ,- two or all three histories can be requested.

a- The l argest absolute value of the requested functions over the specified
- time peri od is used as a normalizing factor and this factor together

- - with identifying symbols are printed wi th each graph. C

Although these additions to SAP IV have greatly enhanced its
- suitability for the analysis of ai rcraft shelter structures, there still

rema i n several items whi ch , if addressed successfully, could improve the
usefuln ess of SAP IV even further. These are :

1. In dynami c problcms, which usc modal su pcr p~siti orb the generalized
force vector is computed and stored in core for all time steps prior to

a- the integration of the modal equations. Consequently, the core require-
- 

- ments of a problem can vary quite signifi cantly depending upon the number
- 

- of time steps requested for so l u tion and can , on occas ion , cau~° aproblem to exceed storage limi ts. It appears that this diffi culty can
be corrected by an alteration to SAP IV in which the generalized forcing
function vectors are computed and stored outside of core to be ~‘ccessed

- ‘ ‘ 
when needed. The required vectors can then be brought into core either
sequentially or in blocks as the nodal integration proceeds.

-~ 2. Inclusion of a capability of calculating and plotting of principal
stresses , strains and di rections. This feature would be very helpfu l in a-

determining the possibility of failure .

- 3. Addi tional graphical display showing both deformed and undeformed
- 

states of the structure.
- 4. Inclusion of advanced band with minimization techniques which

would decrease the computer time necessary for a parti cular problem.

- f 5. Resolving the limi tiati on of a maximum of eight displacement
-: components for output plotting.
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APPENDIX A

FREE FORMAT INPUT PROGRAM

The Free Format Input Program (FFIP) produces an input data file
acceptable to the SAP IV program throu gh extremely flexible input in-
structions and is avai l able for three element types - beam, thin plate ,
and thi ck shel l (21 nodes).

The two basic parts in FFIP are key words and entries. These two
parts are always linked with an equal sign. A key word must appear be-
fore an equal sign , an d the entry must appear to the right of the equa l

a- sign. Key words may be nonsubscri pted, single subscr ipted , or mul tip le
subscri pted. For each single subscri pted and multi ple subscri pted key
word, a set of parentheses must be incl uded before an equal sign. The
entri es may be single or multiple and may be in floating point , f ixed
point , or alpha-numeric. This information is speci fically stated for
each key word. Variables , values or strin gs of characters may be pl aced
anywhere on a card as lon g as three elements are i ntact i n the fol lowing
order: key word, equal sign , and entry . More than one key word can be
p l aced on one card , again , as long as a set of three el ements as descr ibed
earlier remains intact and is separated from another set by a comma or
a blank. Furthermore, when two or more key words are punched on one
card , the number of entri es required for a previous key word must be
compl etely satisfi ed. All key words listed in this appendi x are recog-
nized by FFIP , an d any misspelle d key words w i ll not be recogn ize d.
Diagnostic error messages will be printed for misspelled key words, and
the job will be aborted.

Further requirements for input include :

— There must not be any blanks wi thin an exponential field.

- An integer or floating point number may be terminated by a comma.

Consecutive commas may be used to indi cate missing fields , but
care shoul d be taken :

7,,$5 means the second number is missing (default=O ) but

7V,,$5 means the second and third numbers are missing.

- A ’ + ’ in column 80 causes the nex t l i ne to be rea d an d the free
format scan continues . (Usage of this feature should be spared to
preserve the flexibility of the data deck.)
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FFIP KEY WORDS AND ENTRIES

Explanations:

Keyword and type - key word and type of allocati on which may be
of allocat i on NS , SS or MS where:

NS - nonscripted
SS - single subscr ipted
MS - mul tiple subscripte d

No. of entry - number of val ues to be entered to the right of
the equal sign

Type of entry - self-explanatory

Usage - the fi rst line is reserved for description or
usage. Another l ine denuied iiy two dashes
gives an example of how input should appear
on card . a

-

Ref. - more speci f ic informati on on usa ge is referenced
to the SAP IV manual by section and page number.

I

- a-- _ _ _ _  _ _ _ _ _  _ _ _ _ _ _ _



______ 
— - -

~~~~~~~
a- 

-

~~~

~ ~~~~~~~~~ ~~~~~~~~

t~ ’TWflflD RND ND. T’T?E a- U5R~E a- ~ r.
a-TYPE OF OF (F - -

RLL OCAIIO N ~NThY ~4Th’Y a- a-

q.,pHg NS 1 FEila- :D~HP[N~ FPCTOR F~R q FORCED DYNPHIC .V(I.8
.RESPONSE RHILYSIS a-

a- -—ALPHP ENTm’

AT ~3 1 F~FL. .An~I’/AL TI ME a-V [ I .12
.— —RT (E L) :E 2

• WHERE
E1:RRRI~~L TIKE NUMBE R ( IN TE ~~R) a-

a- a - LEa- Nat

~~AM SS 12 INTEGE9.BEAM OATh .I~ .2a - 3
.——OEAM(E1):E2, 3.E4.E5.E6 E7.EO. EB.E1O.E11.

E12~E13WHERE .

a- E1:~~ ERH ELEPa-D4T NUM OE fl a-LEa - ~~D~M
a- E2:NDDE NW~~~~ H I

E~~NDOE NL.l-1~~fl J a-
a- E~4 NDDE NIJIER K
• Es~tlflTERIcL PROPERTY NUMBER
a- E6:ELEMENT FfiOPERTY NUMBER
- E7:FIXEO B~O FORCE ID FOR EL9IS’4T L~~D -

a- CR~E A  •
a- E8:FIXED END FORCE 10 FOR ELEMENT LORD

CASE B
a- E9:FIXEO END FORCE ID FOR ELEMENT LORD a-
a- L.Hb t L  a-

• El O FIxaJ Epa-C FORCE ID F09 ELEPa-fNT L13RO
CASE D .

E1L~ END nE.fA~E CODE AT NODE I
E12~END F3ELE~SE CODE AT NODE J a-

a- E13~OPTION~L PPRP HEIER K FOR RUT~ 1RTIC .

~ENE~~TI~N
~~~~LFX N$ ~~ FEFI a-ELEMENT LORD FRCTOR — MULTIPLIER OF ~~RVIT 1 •I~ .2 a - 2

.L~AO IN TI-IE -s-X DIhECTION
• ——BELFX:E1,E2,E3, Eu a-
a- WHERE
a- EI ELEIIENT WHO CASE A a-
- E2 LEM9~T LOflO CASE S a-
a- E3:ELEPIENT LOAD CA3E C

EL~:ELEMENT LOAD CASE D .
SELFY NS ~ FEFL a- ELEMENT LORD FACTOR — MULTIPLIER OF ~~AVITa-Y • IV a - 2 . 2

a- LORD IN THE +1’ OIA ECT I ON a-
a- -—BELF1~E1.E2.E3.EL.t a-

HMEflE
• E1:ELEIIENT LORD CASE A .

E2~ELEfl~ -1T LORD CASE 6 a- -
~~

• E3:ELEPIENT LORD CASE C a-
EL.L~ELEHENT LOAD CASE 0 .

~~~~LPZ N5 LI FEFL a- ELEMENT LORD FRUTO~ — MULTIPLIEfl CIF C~ RVITa-1 • I Y a - 2 a - 2
a- LOAD IN THE +Z DIRECTION a-
.-—&ELFZ=E2.E2,E~.ELI a- 

—

a- WHERE
E1=ELEMENT LOAD CASE P a-

a- E2 ELEIIENT LORD CASE B a-
a- £3:ELEIIENT LOAD CASE ~

a- ELI:ELEPIaa-IT LORD CASE 0 •
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a - a - ,~~_ — - •... a-~~a-a-Cerr! -’-

tcfTWaI9U AND NC~. TT~E a- U5RG~ . REF.a-TYPE OF (~F ~~ a- a-
ALLOCATION ENThY ~NTflY a- a-

BEPC SS 6 FE~L. .BEAM ELEMENT PR(PERIY . IYa-2 . i  - 
-

a- ——B EPC(E1) :~~~~,E3. ELhE5.E6,E7 a-

- WHERE a- a - a -~ -

• E1:GEOKETflIC rnorE~ T1 NUM OE fl ( INTEOEfl) a- ‘1-
• a- LE. BIa-.EFC a- -

‘

a- E2:AXIRL ~~~ EIR a-
a- E3:SHERR FF~E~~ ASSOCIATED WITH SHEA R a-

FORCES IN LOCPL 2—DIRECTI~~ .
• ELI:SMEAn Ff~O~ ASSOCIATED W IT h SI-1~~ fl a- - -

FORCES IN LOCAL 3—DIRECTI~~• E5:TDñ5IOP-IRL INE~TIA • a-

• E6:FLEXLF~FL INERT IA ABOUT L6I~ L 2—AXIS a-
• E7:FLEXLF~Q INEATIR ABOUT LOCPL 3—AXIS

~~~TR N5 1 rER.. .DANP(N& PAflDfl 193H R FOflCEO OTNAMIC a -V ( I M

• RE~~PONSE ANQYSIS a-
a- -—BETR:ENT~Y

~~~EFI 55 6 FERa-. .BEAM F(XEO END FORCES . I V .2 a -2

• ——8FEFUE1) E2.E3.E’i,E~~,E6.E7 a-

• WHERE
- E1:FIXED—END FORCE NUMBER (IN1a-ECERI -
• a- LEa- 81’fa-Efl

E2:FJXED-END FORCE IN LOCAL 1—DIFECTION
a- A T N ~~D E I
• E3:FIXED-END FORCE IN LOCAL 2—DIFECTION
a- f l T N~U E I  a-
• E’L:FIXEO—END FOHCE IN LOCRL 3—DIrECTION
• AT NWE I
• E5~~FIXEO Da-~D MOMENT ABOUT L6O~ L -
• 1-OIFECTION AT NODE C

E6:FIXEO END MOMENT RBOUT L6C~L a-
a- 2-DIrECTION RT NODE
• E7:FIXED END NONENT ABOUT LO0~LS-DIrECTION AT NODE (

~~EFJ 55 6 FEFL. a-BEAM FIXED END FORCES a - I Ya - 2 .3
.——BFEFJ(E1)~~2.9.E~a-ES.ES.E7 a-

• HHERE
- Et:FIXEO—ENO FORCE NUMBER (INTECERI a-

a- LEa- 8Ia-~’EF~E2:FIXED—END FORCE IN LOCAL 1—DIFECTION
a- R T N I~~E J
• E3:FIXED-Ba-~0 FORCE IN LOCAL 2—DIFECT ION a-

~T N ~~E J
ELI:rIxED-o~1D FOflCE IN LOCAL 3—DIrECTION

a- A T N ~~E J  a-
• E5:FIXEDa--O~1O MOMENT ABOUT LO~~L
• 1-DIFECTION AT NODE J a-
• E6~FIXED—ENO MOMENT PBOUT LOt~L a-
• 2-OIFECT ION AT NUDE J
• E7:FIXED-ENO MOMENT ABOUT LO~~L a-

S-DIrECTION AT NODE J

A
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r
I~EYP1OI9D RND ND. TIFE a- U5R~ E . REF.

‘TYPE OF OF (F - -
ALLOCATION ENTTh ENThY .

~4PC SS LI FEQ :BEAM MPTERIcL P~~~PERTY : I V . 2a- 1
.——BtlPC(E1)=E2.E3,ELI,E5 a-
a- WHERE -

E 1:MRTEflIFL ID NUM6E~ 
( INT E&~~~)

• a- LEa- B~1IFC a-
a- E2:YDUN&IS P-VOULUS a-
a- - E3:POISSONI S RATIO
a- E(L~MPSS DENSITY a-

a- E~~:NEI j~Th DEN~ TIT
BNEPC NS 1 INTEGER.NUMBER OF BEAM ELEMENT PROPERTY ~~~TS a - I Y a - 2 . 1

• -—BNEPC~ENTnY
&‘JFEFS NS 1 INTEGER.NUNBER OF FIXD END FORCE SETS •IV.2 .1

• a-~ BNFEFS~ENTR Y a-

~~~NPC N5 1 INTE~ E~~.NUMDEn OF OERM NffTE9I RL PROPEflTT 3ET~ . IV.2 .1
• -—BNMPCzENTRY

CLMD MS 0 FEFL a- CONCENTflR TED LOFO/MRSS DATA a - V a -  1
• ——CLPIO(E1,E2) E3,ELhE5,E6 E7.E3
a- WHERE
a- EI NOOAL POINT NUMBER (ENTE&EF~

)

a- a- LE. NIJIhP a-
a- E2:STflUCTIa-flE LOAD CASE NUM6Efl a-
• UNTE&~~

) .LE. LL a-
a- OEa- 1. STATIC ANALYSIS a-

Efl.0, 0Yt’1~NIC RNALTS(S a-
a- E3~ X-DIFECTION FORCE OR TR~~NSL~ TION ~~L a-

• MR~~5 CEEFFICIENT a-
a- a- ELI Y-DIF€CTION FORCE OR TRANIRTIONAL— 

• MA5~ C~IFFICIENT a-
a- E5:Z-DIFECTION FORCE OR TRRNLSRTIONRL
• MASS C~~FFIC lENT
a- E0:X-AXIS M~~-1ENT U~ 9OTRTIONR.. IhEflTIR
a- E7:T-AXI$ MYENT OR ROTATIONF&. IhERTIA a-

• EO:Z-AXIS M~~-1ENT on flOTATIONR... I~~~AT IA

~~~FQ NS 1 FEFL a- CUT—OFF FREWENCY a - V  11,3
a- -—C0FQ~EPJ TRY a-

CT SS 1 QPHH a- SYMBOL DESCRIBII~& COORDINATE SYSTEM FOR a - l I l a - i
a-THIS NODE -

a-EQ . i (BLANK) ~~ñTESIAN IX ,T1Z) a-
a - EQ a - Ca -  CYLINDRICAL (Ra-Y,THErA)
.——CT (EL)~E2• WHERE
a- E 1~~NODRL POINT NUMBER ((NTE&ER) a-

a- a- LEa- NUIM’
a- E2=ENTRY a-

~~MP NS 1 FfFL. a- DAMNNG FACTOfl (NDYN~~2) •V ( I a -~~.-—ORIIP:ENTR Y a-
(if NS 1 PEPL a- SOLUTION TI~E STEP •V (I,8

• -—OT:ENTFcT a-
ELM SS LI FEFI . ELEMENT LOAD WLTIPLIERS a - V I a-

a- ——ELP1(E1)~ E2,ES.EL~.E5 a-WHERE
• E1:LORO C~~E NUMBER (ENTEI ER) LEa- LL a-
• E2 ;MULTIPLIER FOR ELEMENT LOFO CASE A a-
a- E3:MULTIPLI~~ FOR ELEMENT LO~C C~~E B a- - a-
a- fq:p1uLTIrLI~~ FOfl ELEMENT LD~~~ CASE C
• E5:MULFIPLI~~ FOR ELEMENT LO~1J CASE 0 a-
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a- -a- - - - r ~~ ja-~~~~ a- --— ‘ - _,.€_ _______ - - -

PSETNORD AND NIL T’TFE a- U5A~E a- I9EFa-
‘TYPE OF OF (F - -

ALLOCA TI ON ENTFa-IY ENThI a- a-

F MS 1 FE~L :TIME FUNCTI~~ 1 D~~~IN I TIO N FOR RESPO NSE . V( I - 1’L
•HISTORI ANALYSIS • ‘

a- —F (E1a-E21:B -

MHE~E a-
a- E1:TIME FLI4CTION NUMBER (INTE~ff ~) a-

• a- LE. NFN a-
• E2:DEFINITI~~ POINT NUMBER (INTEGER)• a- LEa- NLP(NFN) a-

a- ES:FUNCTICN VALUE
FX NS 1 FEFI a- FACTOR FOR X—DIFECTION INPUT FOR •V ~~Ia-2 3

•flES~ON5E SPECThLI-1 ANALYSIS a-
a- ---FX:ENTRY

F~ ta-IS 1 F€Q •FPCTOR FOR 1—DIFECTION INPUT FOR •V (Ia-23
• flE5FON5E 5P~~ 1fl(a-t1 RNR LT~I5 a-
a- ——FY:ENTRY a-

FZ NS 1 FEFI_ •FACTOfl FO~ Z—DIFECTION INPUT FOfl a-V (Ia -2~a-RESPONSE SPECThL1a-1 ANALYSIS
-~~ a- -—FZ~ENTR Y

la-EADER NS 6 FLFHR a- HEAOLN ~ INFCFM~TION a- I. 1
a- -—HEgflER:*S~~}{W~CTERS - I NCLUDI N& BU~M(~e -

1E11 53 0 FLF1-IA a- LABEL INF PIRTICN Fan F~ESPONSE IIISTOFF a -V Ua - 1S
a- ANALYSIS
a- ——HE0(E1)=’E2~
• WHERE a-
a- E1~FUNCTI~~ L DEF IN NI TI ON POIN t NPJNbbH a-
a- tINTELE19~ a-Lf.NFN
a- E2:5B Ct-I~Fc1CTERS JNCLUD (NC. BLAta-~<ta-EDSP N6 6 FLPMA a- hEADING INF~~mTIl]N USED TO LFI8EL TI-IE
a-SPECTRUM TRftE
• -—HEDSP~~~B CH~~ CTERS IN CLUO IN~ BL~M<4 a-

ICUMP t1~ ~ INTEGEMa-OI~PLR CEMENT (
~JTPUT DATA .V (la-15

•-—ICOMP (E1)~~2,E3.EthE5.E6.E7 a-
• MIIEflE
a- E1:NODRL POINT NUMBER (INTEGER )
• a- LEa- NUa-1P
• E2:DISPLRIDENT COMPONENT. RE~LEST i a-
- ES:OISPL~~EI€NT COMPONENTa- RECLEST 2 a-
• ELI DISPLACEI’ENT COMPONENT. ñEQ!IST S a-
a- E5:OISPLACEIENT COMPONENT. RE~LEST LI
a- EG~OI9PLAtIP-ENT COMPONENT. AEDLEST S
a- E7:DI SPLA~E~ENT COMPONENT. RE~LE& 6

IFPR NS 1 INTEGERa-FLP~ FOR PRINTIP& INTERMEDIATE M~1a-RIcES a -V Ua -3
a- —]FFH ENTf~T a-

IFSS NS 1 INTEGER a- FLAG FOR PEFFI~9MI NI~ THE STURM SEWENCE CHECK a- V II a - 3• -—]FS5:ENTflY a-
INTRS NS 1 INTEGER.STANDARE) INTEGRATION ORDER FOR DE NATURAL a-IY.8a -5

IRa-S I DIRECTIt~’1S a-

a- -—]NTFIS=ENTr9T
INTT NS 1 INTEGER a- STANDARD INTE GRA TION ORDER FOR TIE NATURAL a- IY. 8.5

. IT)—DIflECTIO~1 a-
a- -— ]NTT:ENTRY
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~~1WOflD AND NO. T’T?E a- USRGE a- !~EF.TYPE OF OF (F . a-

ALLOCATION ENThY ENThY a- a- — -

IPLI~1E 8$ 7 INTECEA.PLPTE o~rq : IV .6 a -2
• IPLATE(E1 ) E2.E3a-a- ELI.E5. E6a- E7. E8 a-
a- WHERE a-
• E 1:PLATE ELD’IENT NUNBEñ •LE• NPLATE a-
a- E2:NODE I
• E3~NODE J a-
a- E’I:NODE K
a- ES~NOOE L a-
a- E6:NDDE 0 .

a- E7:MATERIFL IO ENT IF ICRT [ON NUa-1~~R a-
a- E6 ELEMENT C~ TA GENEI9ATO9 a-

IS MS 12 INTEGERa-ELEMENT STRESS COMPONENT OUTPUT a-V(I a- 1 7
•——]S (EL.E2)~~3,E4a-E5.E8.E7.E8.E~,E10.E11.Ei2.
• E13.E1’I
a- WHERE
• E1~ELEM~ 1T ~(PE
a- E2:ELEPIENT MJMBER
a- a- LEa- NBEcI, IF E1~2
a- a- LEa- NFLATE . IF E1:6

a-LEa - N~~L21. IF E1:8a- ES:5TF~E5$ CCIIPONENT NUM6E~. FE~ JEST 1 a-
• ELI:STRESS CEIIPONENT NUMBER. FEWEST 2

a- ES~STRESS C~ 1PONENT NUMBER. FEWEST 3
a- E6:STRESS CI)IPONENT NUMBER. FEWEST ‘a-I a-
a- E7:STRESS C~ .1PONENT NUPa-IBER. FEWEST S a-
a- EO:5T9E~~ CEt-IPCINENT NUMOE~. FEWE5T 0
a- E9~STRESS CIJIFONENT NUMBER, FEWEST ?
a- E10~5TflE5S COMPONENT NUMBEn. flEQLEST 6 a-
a- El I STRESS COMPONENT NUMBER. RECLEST 9 a-
a- E12 STRESS C1~MPI3NENT NUMBER. RED(.EST 10
a- E13z5T~E5S IJJMPONENT NUMOEfl. flEJJLE~T 11
a- E1’I STRESS COMPONENT NUMBER. RECIEST 12

ISP N5 1 INTEGEf~a- PLOT SPACING INDICATOft FOh DI5F’LA~O1ENT •V ( Ia - 1 5
•IIUTPUT a-
.——]SPzENTRI a-

ISFS NS 1 INTEGEfIa-FLOT SPACING INDICATOR FOR STRESS QJTFUT a-V (Ia- 1?
. -—]SPS:ENTRY -

151 N3 1 INTEOEfla-]NPIJT SPECTFUM TTFE .V(Ia-25
a-a--I a- 3ST ENTRT

IX 85 6 INTEGERa-BOUNDARY COI~OITION DATA a - lI l a - i
•-—]X(E[):E2.E3,ElI.E5,E6,E7
a- WHERE a-

E1:NI3ORL POINT NtJN6EFI a- LE. WU-IM’ a-
• E2=X-TRFtIIAT ION BOUNDARY COMJITION CODE a-
• E$~Y-Tr~FI-11.AT ION OOUNDRHY COtCITIOW CODE a-
a- Eq:Z TRFN~LATION BOUNDARY CO~~ITION CODE.
a- ES~X-ROT~TI~ ’4 BOUNDARY COWDITI~~ CODE
• E5:T-nOTRTI~~ OOUUORflT CONOITITN CODE
• E7:Z-ROTATI~~ BOUNDARY CONOITIL~a-1 CODE a-

KEtID NS I INTtGEHa-W UFIOEF1 OF DEGrEES OF FAEEDOPI (E~(~ TI~~) a - H a - I

a- PER BLOCK OF S1ThAGE
• ——KEQB:ENTRY a-

I~(K NS 1 INTEGEHa-OUTPUT TYPE Itc~ICATOfl (DISPLACEMENT) •V (Ia-15
EI~a- i . PRINT HISTORIES QNO MAXIMP

a - E~~ a-2 ,  P~ IN T~~ PLOT HIS TO~ CES AND nEc~ ’eni OFa-
• MAXI M A
•EQa-9a- RECOVEJRY (F MAXIMA ONLY a-

• ——KKK
~~ ENTRT a-
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t~E’TNOnD RND NIl. TWE a- U5R5E a- AEF.
TYPE OF OF (F - -

ALLOCATION ENT hY ~~Th’( a- a-

K(KS NS 1 INTEGEA: I3UTPUT TYPE IPUICATOR (STRESS) :V(I,17
. EQa - 1a - PRINT HISTORIES AND MAXIMA a-
a- EQa-2a- PRINTER PLOT HISTORIES AND REI~~ ERa-Y 0F
a- MAXIMA a-
a- E Q a -3a - RECOVERY (F MAXIMA ONLY

IL. NS 1 INTEGER. NUMBER OF BTRIE11JRAL LORD CASES a- I l  a-
a- ~~LL~ENTR Y a-

~~SSDN 85 1 FEFI a- MRSS DENSITY CF THE MATER(PL USED TO COMPU1E.I~ a - 8 .S
.71-IE MASS MAThIX IN A OTNAMIC ANALTSIS a-a-- a- ---MA5SDN (E1 )~E2a- NHEflE a-
• E 1:MF1TERIFIa-. I DENT I F I CAT C ON NLII~~R a-
a- (INTECER ) a-LEa - NUMN~ T a-
a- E2:ENTIIT .

~~TDES 55 14 FIFI-IR a- SHELL MATERIAL CESCRIPT]ON a - I V a - 8 a - B
a- -—MATDES(E1)~~~2a-~ a-

— 
- a- WHERE a-

a- E1:MATERIIIa-. IDENTIFICATION WLM~~~R a-
-- a- (INTEGER) .LEa- NUMIIAT a-

- E2:38 Cla-~lF~)CTERS INCLUD(N~ SLI~P1<S a-
P’~RTEV MS 7 FEFL a- SMELL PIRTEf1IAL P~OPERTT DATA a - I V a - O a - 7

~~ NA Y EV (E 1.E 2)~ E3.E’L E5.E6 .E7. EB~E9 a-

• WHERE a-
a- E1’a-Ia-IRTERIFL ICENT!FICRTU’IN NI IIFFR a-
a- • LEa- MJI4IPT a-
a- E2:TEMPEI9RTLa-FIE NUMBEFI (INTE[E19 ) a-

a- .LE. NTP(NUMMAI I a-

a- E3~TEMP EFiFifLflE a-
ELI:GRTH(~TF~FIC ELASTIC MC1DULO (Eli) a-

a- ES~ORTHOTASPIC El fiSTIC III3DULO (E~~) .

a- EFJ:O~ThUTr~ PIC ELASTIC MODULO (E5~
) a-

• E7:PtJISEON4’S RATIO a-
a- E8:PDI5~~N(S flRTIO
a- E9:POIS~~N1S RATIO a- 

- 
-

Ia-’PT GA MS B FEQ a- SHELL PIPTERIPL F~OPERTY DATA a - I~ a - 8a - 7
a- _—M AT GA ( E1.E2)~ E3.EtJ.E5,E6.E7. EB a-
- WHERE a- - -

I. a- Ei:PIRTEnIa. IIIENTIFICAT(ON NLI1~~~ a-

.a-a- a-~ a- (INTEGER) a - LEa - NUMMAT a- - 
a-

• E2~TEMPERATURE NUMBER (INTEBER ) a-

a-LEa - NTP (NUMNAT) a-
a- E3:SHEPR P43EULO (G12) a- -

~ 

-

• ELI:3IIEH9 TIJ[IJLO (CT13) a-
a- E5:SHEAR ~I~WLO C&23) a- F

a- E6~COEFFICI~~T OF TMEFIMAL EXPANSION a-
• E7:COEFFICIENT OF THERMAL EXPANSION
a- E8~CflEFF ICIENT OF THERMAL EXPqN3ION a-

1a-FXPIOD N5 1 INTEGEfla- 5HELL PIRXIMUI NUIOEfl OF NODES L15EL1 TO a- IV. 0.1
•DESCRIBE5 ANIV OlE ELEMENT .
a- -—NAXNOO~ENThY

1a-~XT F NS 1 INTEGER. SHELL MPXIMIJI NLIIBER OF TEM PERATL~E POINTS a- IVa - 8.1
a- USED IN THE T~~LE FOR ~NY MPTERIQ a-
a- -—NRXTF:ENTRY • 

a-

Pa-1~CEX NS I INIECER.PROGRPM EXEc1JTI~ a-l MODE 1( a -  I

• -—MODEX ENThT .

4 -
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I
I~ 1WO~D AND NO. lIFE a- U5R~f a- nEra-
TYPE OF OF (F - a-
ALLOCF~TION ENThY EPIThI a- a-

N$ 1 INTEGER. TOT~L NUMBER CF VECTORS TO SE USED IN A :11.1
.SUBSPACE ITERATION SOLUTION FOR EIGEPWALUES/.
a- VECTORS -

• -—NAD~ ENTrlT a-

MS I INTEGER.NUNBEFI OF ()IFFEFENT ARRIVAL TIMES FOR THE .V[I,8
a- FORCING FUNCTIONS a-
a- ---Nflt~ ENfRr a-

M~TX NS 1 INTEGER. CROUP4D MOTIW CCt’ITRI]L DATA - ARRIVFL TIME a - Vt  I a- 11 a-
.WUNOEn a- K—DIFIECTIQN
a- ——NATX :ENTRY a- a-

P~JRTY N6 1 INTEGEfl.GfiOUNO MOTI~ 1 C~~TflUL DATA 
- RFIhIVFL TIME a - V ( I a - 1 1

a- NUNBERa- 1—DIRECTION a-
a- -—NPfl~ ENTRY a-

Pa-~~Z MS 1 INTEGEfla-~ flOUNO MDTII~ C~~TI9OL OATH R~~ IVR_ TIME a - V ( I a - 1 1
a- NUMBER Z DIREC TION a-
a- -a- -WATZ~ENTflYNSEIRM MS I INTEGERa-NUMBEFI OF BEAM ELEMENT a - IVa - 2 . l
a- -—NBE~P1~ENT~~ a-

M)LS MS 1 INTEGER. NIJMBEA OF DIFFEFENT DI STRIB UTED LOFO a - I~/a-8.1
- —NDLS:ENTRY a-

PUlP-I NS 1 IWTEGEH.ANA Lr3(5 TtFE Cu tE .11.1

• -—NDIN:ENTRY
PELTYP MS 1 INTEGER a- NUMBER (SF ELEIENT GROUPS a- Il a- I

a-a-’NELTIP ENTFIY a- a-
P-F N$ I INTEGER. NUMBER OF FFEQJENCIES TO BE FOUND IN THE a- IC  •

a-EIGENVRLUE T~JUJTION a-
a- -—NF:ENTRY a-

MS 1 INTEGEfla-NUN8EFI OF DIFFErENT TIME FUNCTIDIP3 a -V I I 7
a- -—NFN~ENrnr a-

P-FNX MS 1 INTEGER. GROUND MOTI~T C~-ITRUL DATA - TIME FUP-(TION a-V ( I . l i
a- NUMOEfl OESC9IOIP-J~ THE 13{i0UND RCcaa-~~RlI0N a-
a- IN THE X-DIFECTION a-
a- -—NFNX:ENThY a-

P-FNY MS 1 INTEGER.GROUND MOTI1~1 C~ JTROL DATA - TIME 9ilCTION a - Vt  Ia - li
a- NUMBER DESCRIBIP-& THE GROUND ACCELEFu~tTION
a - IN THE Y-DIFECTION a-
a- NFNY EUTRI -

P-i’N~ N~ 1 INTEGEn.GFIOUND MOTICr-1 CC~’IThOL DATA TIME FIJM TIQN a -VEL1 1
a- NUMBER DESCRIBIl& THE GROUND ACCELERATION a-
a - I N  THE z-DIFECTIOW a-

P-FO -MS 1 INTEGER. NUMBER OF T- ,TING ITERATION VECTORS TO BE .V[ 1,3
a- READ FRCJII ‘~~: 10 a-
a- ——PIFFJ -ENT~. : a- a-

MS 1 INTEGERa-GROUNLJ MO~I~~1 IPUICATOR a - V I I a - 8
• -—NGn~ENrrn-- a-

NITEM MS 1 INTEGER.MAXIM UM NUMEER (F ITERATIONS RLU3a-JEC TO a - V t I . 3
a- REACH THE C(~-~vEF~ENCE TOLERANCE a-
a- —— NITEMZE:-1T91

35 2 INTEGERa-NUMBER OF FINCTION OEFIt4ITa-ION POINTS - a - V [ l a - l S
a- —NLP (E1)~~f2.ES a- 

—

a- WHE R E a-
a- E 1~TIME FLP-ICTION NUMBER a-
• .LE. NFN a-
- E2:NUMBER OF FUNCTION OEFIMITII~4 POINTS -

• E5:SCALE FACTQfl TO BE APPLIED TO F(T)
a- VALUES a-
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P~ IPIOND HP-ID NO. lIFE a- U5RG€ a- flEF.
TYPE OF OF (F a- a-

a- ALLOCATION ENTflY ENTh’( a- a- 
—a- M3PSET MS 1 INTEGER:SHELL NUMBER CF SETS OF DATA REDLESTING .IV.8.1

- a- STRESS CIJTPIJT AT VARIOUS ELEMENT LII~RT IONS a- - -

a- ~~ NISPSET ENThY a-
P-IJ9THC) NS 1 INTEGEHa- SHELL NUMDEF~ CF DIFFE~tENT SETS OF IIRIEflIRL .IV a - 6a - 1

a- AXIS ORIENTATION DATA
a- -—NORTHO~ENTR Y

1~ T MS 1 INTEGER. OUTPUT PRINT IN TER VAL FUR STRESSES. a - V t  I a - S
a- DISP LACEMENTS a-
• ——NOT:ENThT a-

If MS 3 MIXED a-TIME-VARYING LISFO DATA •V [ I.1D
.a--—NP(EL.E2)~~ 3.E4.E9 

- 
a-

• WHERE
a- E1~ NODRL POINT WHERE THE LOAD
a- COMrt~’lOIT (FJII9CE D~ MOMENT) IS a-
a- APPLIED (INTEGER) a -LEa - NU IIJP
a- E2~OEGfIEE OF FREEDOM (INTE G(fl ) a-

a- G Ea - 1 a - F t a - 1I] a -a-LE. 6 a-
a- E3~TI ME FLNCTIOPJ NUMBER (INTEGER)
a- a- LEa- NFN a-
a- ELI :RRRI~~L TIME NUMBER (INTEGER) -

a- E5 SCALFft MIL.TIFL]Eñ FOfl THE
a- TIME FLNCTION IREAL ) a-

- 
— P-PLATE NS 1 INTEGER.NUMBEA OF PLFITE ELEMENT .11.6.1

a- -—NPLATE:ENThY a-
P-PTS MS 1 INTEGERa-NUMBER OF D~~INITION POINTS IN 11€ SPECTRUM a - V L I a - 2 t1

a- IROLE a- a-
— 

a- NPTS:ENTRY a-
NSOL2I P-IS 1 INTEGEfla-NUN~EFi OF St-€LL ELEMENTS .I/a - (’.l

a- NSOL2I ENTRY
NT NS 1 INTEGERa-TOTfl L NUMBER (F SOLUTION TIME SREPS a - V I I a - 8

a- -—NT:ENTRT a- 
- -

NIP 5$ 1 INTEGER.NUMBER OF DIFFEFENT TEMPERATURES AT a - I ’Ia -B. B 
—

a-WHICH PFIOPEflTIES AflE GIVEN
a- —NTP(E1I~ E2 a-

- 1- a- WHERE a-
a- E1:MATERIFI IDENTIFICATION NLPIEER a-

a- (INTEGER) a - LE a - NUMMAT . a- -

• E2:NIJMB~~ OF DIFFE~ENT TEMFEFAThIrES a-

a-- a- a- LEa- MR<W a-
P-JJNMAT MS 1 INTEGEH.NUPI?ER OF DIFFEFENT MATERIALS (SI-ELL) a -I/. 8.1 - 

-

• -—NUP$MAT:ENTFIY a-
P-JJMNP NS 1 INTEGEA .NUMBER OF N~~Q POINTS . 1 1 . 1

a- -—NUMNPZENTNT
FELML MS 14 FEFL. a- PLATE ELEMENT LEI1D MIJLTJPLIER .IVa - 6a - 1

• —— Ia-ELML=E1.E2,E3.Eq a-

a- WHERE a-
• E1~OISTRI~~JTEO LQTERAL LOAD IIJLTIPLIER
a- FO~~LO~~~CR3E R a-
a- E2:OISTAI~ JTEO LATERAL LORD P-1JLTIPLIER a- — 

-

a- FO~~L~FO CRSE B a-

• E3:OISTRI~ JTEO LA TERAL LORD PIJLT IPLIER a- - 
-

a- FOR LI3~O CPSE C a-
a- Et4:OISTRIWTEO LATERAL LOAD P-1JLTIPLIER a- : -

- F0R L O~~~CASE O a-

i

-
a-I

I-i
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~

I~EIWOFlO AND NOa- TYPE a- U5RGE a- PIEF.
TYPE OF OF (F a- -

ALLOCATION ENThY EPIThI a- a-

PELMI MS ‘4 F€cta- :PLATE ELEMENT L~~O MULTIPLIER :Iva- 13a - l
.-—PELMT:El,E2a-E3.E14
- WHERE - -~ -

a- E2 TEMEFAT1JrE MULTIPL1E~ F~Jft L~~O CASE Ba -
a- E3:TEMEPAT1JFE MULTIPLIER FOR L~~O CASE Ca -
a- E’&~TEMERR a-I1JFE MULTIPLIER FOR L~~D CASE 0.

a- PELMX NS 14 FEFI_ a- PLATE ELEMENT LI~ D MULTIPLIER a - V/ a - S .  1
a- -—PELMX~El.E2•Ea ELI a-

• WHEFuE
• E1:X-DIFECTION ACCELERATION FOR LOAD a-
a- CASE A a-
a- E2:X-DIFECTION ACCELERATION FOR LOAD
a- CASE B
a- E3:X-OIrECTION ACCELErATION FtlF~ LORD
• CASE C a-
a- E4:X-OIrECTION ACCELEflATION ~lSfl LOAD a-
a- CASE D a-

PELM? MS LI FEQ a- PLATE ELEMENT Lt~~D MULTIPLIER •IV.6a-l
• -—PELMY:El.E2.E3.E14 a-WHERE -

a- E1:T-DIrECTION ACCELEhATION FO~~ LOAD a-
a- CRSE A
a- E2 Y-DIFECTION ACCELERATION FOR LOAD
a- CASE B a-
a- E3~Y-DIFECT ION ACCELER ATION FOR LOAD a-
a- CRSE C
a- ELI:Y-DIFECTION ACCELERATION FOR LOAD a-
a- CRI~E D

FELMZ NS 14 FERa- a-PLATE ELEMENT LQ~C MULTIPLIER a - I V a - 6 a - 1
.-—PELMZ~Ei,E2 .E3,E4 a- 

—

• NHEME a-
a- E1:Z-DIFECTION ACCELERATION FOR LORD a-
a- CRSE A a-

a- E2:Z-O1FECT ION ACCELERATION FOR LOAD a-
• CPSE B a-
a- E3:Z-DIFECTION ACCELERATION FOR LOAD a-
- CASE C
• E4:Z-DIFECTION ACCELEflATION FtI~ LORD a-

a-a--a-, a- CASE D a-
PLATE 55 4 FEFL .PLRTE DATA a - I V a - 6 a - 2

• —— PLATE (E1)~~ 2.E3,E~.E5 a-
• WHERE
• Ei:PLRTE ELEMENT NUNOE~ CINTEGE~) a-
a- a- LEa- P-PLATE a-
a- E2~ELEMEP-IT ThICKNESS a-

a- E3:0ISTRt~ JTED LATERAL LORD a-
• ELL~MEPN T~4PERP TURE V A R I A T I O N  I FROM THE.
a- 9EFErEP-LE LEVEL I UNDEFOft1~~ P051110.
• E5:MEFIN TEMPERATURE GRADIENT ACROSS THE a-
• SHELL ThICKNESS

- 1 - 

-j

A

- - - 
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I~~TW09 D AND NO. TYPE a- USAGE a- IIEF.
TYPE OF OF CF -

ALLOCATION ENThY ~-IThY a- 
— 

a-

FMPI 85 10 FEQ :PLATE MATERIAL PROPERTY INFORMATION . I Y a - 6 a - 1
• ——PMPI (E1) E2,E3.ELI.E5.E6a-E7.E8.E9.E1O.E11
- WHERE -
a- E1 :MRTE~IFL IDENTI FICAT I ON NU-IECFI a-
a- (INTEDER ) a-LEa - PNDM a-
a- E2:MRSS DENSITY a- a-
a- E3=THER~~ L EXPANSION COEFFICIENT tX ) a-

a- - a- ELL~ THERPa-~~L D(FANSION COEFFICIENT (Y) a-
a- E5:THEFMtL EP(FANSION COEFFICIENT (Z ) a-

a- E6:ELASTICITI ELEMNT CXX
a- E7~ELA5TICITr ELENNT CXI a-

E8:ELR5TICITI ELEMNT CXS
a- E9~ELABTI CITY ELEMN T CYI a-

a- E IO:ELR5TICITT ELEMENT fla-5 a- 
-

- -

a- E1l~ ELASTICIT1 ELEMENT CXI a-
PP-laM P-IS 1 INTEGEha-NUMBEn OF PLA TE MRTE I9 IAL P~ OPEflTY ~~ T a- IV .6 .1  a- - -

a- -—PNDM:ENTRY a-
R3TL MS 1 FE~ta- a- CONVERGENCE TCLERANCE FOR THE HIQIEST a - V I I a - 3

a- REQUESTED EIGEN~~ LUE a-
a- R(STL ENTRY -

~~SL0F 53 7 rEFta- •DISThIBUTEO 3L!iFACE LOA D DATA a - IVa -~~a- 9 a-
a - ] F LT a - E p a - i a-
.——SDSLDF(E1)=E2.E3,Et4,E~ a-

• WHERE a-
a- E1~LOAD SET ID NUMBER (INTEGER ) a-
a- a-LEa- P-IlLS a-

• E2;PRE5~lJFE AT FACE NODE Ni
E5~P~ES~.JrE AT PACE MODE N2 a-

• E14;PRE5~JFE AT FACE NODE MS a-
a- E~~PREB~JFE AIR FACE NODE NLI a-
a - J F LT a - E O a - 2 a-
a- —SDSLDF(E1 )~E2.E5.E14.E5.E6a-E7,E8a- HHEFIE a-
a- E1 LOAD SET ID NUMBER ((NTE~ER) a-
• .LE. NlLS
a- E2:WEIGHT DENSITY OF THE FLUID a-

a- a- E3:X-ORDIH TE OF POINT S IN THE FREE -

a- 5U~ FR~E CF THE FLUID
a- ELI:Y_OROIPa-ITIE OF POINT S IN ThE FREE a-

a- a- SUAF~~E CF THE FLUID a-
a- E5:Z-ORDIIf1TE OF POINT S IN ThE FREE a-
a- SURF~CE CF THE FLUID a-
a- E6:X-O~OIt~RTE OF A POINT N ON ThE a-
a- NORMFL. TO THE FLUID SURFACE
a- E7~Y-OFiDIP-i~TE OF A POINT N ON li-IE a-
a- NORMF&. TO THE FLUID SURFACE a-
• E8:Z-ORDIP-411E OF A POINT N ON NE a-

• ND9PIR a- TO THE FLUID 5U~FR~E a-

I J r
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ItIWOflD AND NO. TYPE a- USAGE • REF.
a-TYPE OF OF (F a- a-
ALLOCATION ENT hY EMThY a-

SDSLDI SS 2 INTECER:DISTRIBUTED SL~FPCE DATA .IVa- 8a-D
a- -—SOSLDI (E1 )~E2.E3
- WHERE a-
• E1:LOA() SET ID NUMBER (tNTEBE~~
• •LE. N[LS a-
a- E2:ELEMENT FACE NUMBER ON WHICH THIS a-
a- OISTRIBJTED LOAD IS ACTING a-
a- EB=L~~D TYPE CODE a-

a- a- EQa- 1. Ff~ESCflI5ED NO~MRL FrE~SUñE a-
• INTENSITIE S a-
• a- EQ. 2. tYIDflCSTATICALLI VFflYIP-O
a- PRESSUFE FIELD a-
• a-EQ. 0. CEFAULT SET TO 1 a-

~~LCMF N5 14 rEFL a- SHELL ELEMENT LCHD CASE MULTIPLI~~5 a - IVa - O a - 15
a- -—SELHCP:E1.E2.E3•Eq a-
a- )4HEIIE
• E1 FRRCTI~ I OF PRESSURE LORDS TO BE a-
• APPLIED IN ELEMENT LOAD CASE P
a- E2:FRACTI~ I OF PRESSURE LOADS TO BE a-
a- APPLIED IN ELEMENT LOAD CASE B -
a- E3:F~RCTIW OF PF~ES3UflE LOADS TO BE a-
a- APPLIED IN ELEMENT LOAD CASE C
a- E’4:FRACTI~~ OF PRESSURE LOADS TO BE a-

a- APPLIED IN ELEMENT LOAD CASE 0 a-
SELCMT NS LI FE~L a- SHELL ELEMENT Lt~~D CASE MULTIPLIERS a-I’/.8 .1S

a- SELCMT E1.E2.E3,EY a-

• WHERE a-
a- E1:FflACTI~ -l OF THEflMAL LORDS TO ~ a-

a- APPLIED IN ELEMENT LORD CASE A a-
a- E2~FRPCTIEtl OF THERMAL LOADS TO ~~ a-

• APPLIED IN ELEMENT LORD CF~ E 0 a-

a- E3 FRACTI(~4 OP THERMAL LORDS TO EE a-
a- APPLIED IN ELEMENT LOAD CASE C a-

E14:FRACTIl~ OF THERMA L LORD5 TO E a-
• APPLIED IN ELEMENT LOAD CASE D a-EELCMX MS LI FEFta- a- SHELL ELEMENT L(~ II CASE MULTIPLIER .IVa-8.13
a- -—SELCMX E1.E2a-9a-EU -

• HHE~E a-
• E1:FRRCTI~I OF X—DI R ECTION &F~VI11 TO BE.
. - APPLIED IN ELEMENT LORD CASE A a-
a- E2:FRACTP.14 OF X—DIRECT(ON GIiWI1T TO BE.
• APPLIED IN ELEMENT LOAD CASE B a-
a- E~:F~ACTIC1’I OF X—D IR ECT(ON S9RVITT TO OEa-
a- APPLIED IN ELEMEN T LOAD CASE C a-
a- ELI:FflRCTI~~ OF X— DIfl ECT(ON &FAVIT( TO SE.
a- APPLIED IN ELEMENT LOAD CASE a-

SELCMY MS Li FEQ a- SHELL ELEMENT Lt~ IO CASE MULTIPLI ER a - V/ a -  8.13
.-—SELCMT:E1,E2,E3,Eq a-

a- WHERE
a- E1:FflACTI~~ OF Y—DIU ECT(ON Bft~VITY TO OEa-
a- APPLIED IN ELEMENT LOAD CASE A a-
a- E2:FRACTI~ -l OF 1—DIRECTION &F~VITY TO BE.

APPLIED IN ELEMENT LOAD CASE B
• E3:FRPCTIt~ OF 1—DIRECTION CF~VITY TO BEa-
a- APPLIED IN ELEMENT LOAD CASE C a-
• E’I:FRACTI~a-1 OF 1—DIRECTION ~~ VI11 TO BE.
. APPLIED IN ELEMENT LOAD CASE 0 a-
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I-
P~ TNOI9D AND P-IDa- TYPE a- USAGE a- IiEF.

a-TYPE OF OF (F - -
ALLOCAT ION ENT hY EMTh’Y a- 

— —-
SELCMZ NS LI FEa. .SHELL ELEMENT L~~O CASE MULTIPLIER . Iy a-8 .13

a- -—SELCNZ:E1.E2.E3,E’l a- -~~

- WHERE -
a- E1:F~ACTI~t-I OF ~—D IflECTtON BFAVITT TO bE.
a- APPLIED IN ELEMENT LOAD CASE A a-
a- E2~FRRCTIW OF ~—DIRECTION BARVITY TO BE.

a- - a- APPLIED IN ELEMENT LOAD CASE B a-
a- E3~FRACTI~~l OF Z—DIRECT(ON GF~VITY TO BE.
• APPLIED IN ELEMENT LOAD CASE C a- a- -

a- E14 FRACTIW OF Z DIRECT[ON &R~VITY TO SEa-
• APPLIED IN ELEMENT LOAD CRSE 0 a-

SFTR NS 1 PER. a- SCALE FACTOR USED TO ADJUST THE 0I9~LRCEMENTa-V(I.2~I
a- IOR ACCELERATION) ORDINATES IN TIE SPECTRUM a-

a-TAOLE a- a-
a- -—SFTR:ENTRI a- ISF1199 P45 1 FfFL a-SCALE FACTOFI USED TO ADJUST THE a-V ( I ,2 !&
. DISPLACEMENT (OR ACCELERATION) OFtJINRTES a-

• IN THE SPECTRLII TABLE a-
• ——SFTRS:EN a-

a- a-~ SFTRS=ENTRT~ a- 
- 

-

SHELL1 55 5 INTEGEHa-St-IELL DATA a -V / a -S . 1 O  - 
-

.——$HELL 1CE1) E2.E3. ELI.E5.E6 a-

• MHEAE a-
a- EI ELEPIENT PJJMBER a - LEa - NSOL2 1 a-
• E2~P-JUM8ER OF NODES TO BE USED IN a-

a- DESCI9IBIP-& THE ELEMENT 5 DI~~LACENENT.
a- FIELD
a- ES:NUP4BE~i OF NODES TO BE USED IN THE -
• DESCRIPTION OF ELEMENT GEI~!a-1ETRY a-

a- ELI MATERIII_ IDENTIFICATION N1JI~~R a-

• .LEa- l’JJPtIAT
a- E5 IDENTIF IG~T ION NUMBER OF ThE P~ TEHIALa-

AXIS OF)IEMTAIION SET •LEa- MThTHO a-
a- E8:IDENTIFIU~TION NUMBER OF ThE STRESS a-
a- OUTPUT SET •LE. NOPSET

~1ELL2 SS 8 INTEGERa-SHELL DATA a - IV a - 8 a - 16
-—SHELL2(E1)

~~E2a- E3. ELIa- E5.E6a- E7a- E8.E~ -

J4HEFIE .

• E1:ELEI1ENT PJJNBER a-
a- E2:NOOE NU1~~A INCREMENT FORM ~21EN T
a- DATA GENERATION a-

F a- E3~INTEGRAT ION ORDER FOR NRTIa-Rcla- a-

a- COOFIOIPa-HTh ( f l p5 )  0(9ECTIDP-~ a-

a- ELI:INTEGI9ATION ORDER FOR NATLFWL a-
a- CflOflDIM~Th (I) DIFIECTION a-
• E5:FLA& IhCICHTIN& THAT THE STIFFNESS

AND P~SS MA TRIC ES FOR THIS ~~9IENT a-
a- AFIE THE ~~NE R5 THOSE FOFI TIf a- -

~ a-
a- PRECEDING ELEMENT a- - -

• E6 PftES~&JrE SET FUFI ELEMENT LOFO CASE A a-

a- E7 PRESSUFE SET FOR ELEMENT LCIFO CASE B a-
• E8~PRES9JFE SET FOR ELEMENT LO~C CASE C a-
a- E9 PRESSUFE SET FOR ELEMENT LOFI3 CASE 0 a-
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I~~TNOFIU AND NO. TYPE a- U5RGE a- NEF.
TYPE OF OF CF -

ALLOCAII ON ENT FIY EMTh1 a- a-

SMAOS 55 3 INTEGEA:SHELL MATERIAL AXES ORIENTATION SET :IY a - 8a -B
a- ——StIAOS (E1) E2. E3.Eq
a- WHERE a-

a- E1 IDENT IFIC~IT ION NUM 6Eh a-LE.NmTHQ a-

a- E2:NOO E NL~1~~R FOR POINT I
a- a- E3~NODE NIMSEA FOR POINT J a-

a- ELI:NODE NLM~~R FOR POINT K a-

~~ORLS SS 7 INTEGEHa-SHELL STRESS WIPUT REQUEST LOCATIO~1 SETS •I~’.8a-13a- 
• a-—53OflL3(E1)~~E2.ES.ELI.E5.E6a-E7.EO a-

a- WHERE
a- E1:SET WP-~ EFi a- LE a- NOPSET
• E2:LOCRTIEta-J NUMBER OF OUTPUT POI NT 1
• E3:LDCATIEIa-l NUMBER OF OUTPUT POINT 2 a-
a- ELI :LOCATIEN NUM OEFI OF OUTPUT POINT ~ a-
a- E5:LOCRTICta-J NUMBER OF OUTPUT POINT LI
• E6~L~CRTICPI NUP-IOEft OF OUTPUT POINT 5 a-
• E7:LOCRTIeta-J NUMBER OF OUTPUT POINT 6
• E8:LOCRTII~-I NUMBER OF OUTPUT POINT 7 a-

SSPEC 55 1 FEFt.a- a- VALUE OF DI~~LRCEMENT (OH ACCELE~~TIW) a-V II ,2’Ja -
a- FOR RESPONSE ~~E1 TRUM ANALYSIS -

a- ——SSrEC (E1)z~2 a-

• WHERE a-
• E1~0EFINI TI~ ’I POINT NUMBER a-LE a- P-FTS a-
• E2 ENTRY a-

S1TO8 85 8 INTEGERa-SHELL DATA •Pfa-8a -17
.—— 51T OSt E 1)~~ 2.E3.Eq,E5.Eb.E7,E0.ES
a- WHERE a-

E1~ ELEMEMT P-1.JNSER a -LE NSDL2 1 a-

a- E2:NOCPE I NLta-ISER
a- E3:NODE 2 NLta-IBER
a- ELI:NDDE S NL1-IOEFI a-

a- E5:NODE LI NIIIBER
• E6~NODE 5 NLtIOEfl a-
• E7:NODE 6 NLPIB ER
a- E8~NbDE 7 NLNBEA a-

E9:NOOE 8 NLIIBER
SV?T021 55 S INTEGEA SHELL DA TA a - I V a - 8 a - 17

a- ——517TO 21(E1)~~ 2.E5.E’L.E51EO
a- WHERE a-
a- Ei:ELEMENT PJJHBER a -LEa - NSOL21 a-
a- E2;NODE 17 P-UMBER a-
a- E3~NDDE 18 P-UMBER a-
a- ELI:MDDE 19 MJMOEFI
a- E5:NODE 20 MJPIBEI9 a-
a- EO~P-4O0E 21 P-JJNBEF1

S9TO16 SS 8 INTEGER.SHELL DATA a-IY.8.17
• —SQTOL6(E1)=E2.E3.ELLE5~~ E8a - E7 .E8 . EQ a-

a- MHENE a- —

a- E1 ELEMENT P-JJMBER a-I.E. NSDL21 a-
a- E2~NO0E 9 NWOEfl a- a-
• E3:NOOE 10 P-UMBER a-

a- EL&~NODE 11 P-UMBER
a- E5;NODE 12 P-UMBER a-

E6:NODE 13 P-LIMBER -

• E7:NODE iLl P-IJNBEFI a-

• E8:NODE 15 La-UMBER a-
E9~NO0E 16 P-UMBER a-
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I~ ThONB AND NO. TYPE a- USAGE a- FIEFa-
TYPE OF OF (F a- -
ALLOCATION ENTFIY EN1fl’Y a- a-

MS 1 FE~L :IINE FUNCTI~~ DEFINITION FOR RESPOP-SE .VII.Vl
•HISTORI ANALYSIS a-

.—— T ( E1 ,E2]:E3 -

a- I4IIEFIE a- - -

a- E1:TIME FWCTION NUMBER (INTEDER) a-
a- .LE. NFN a-
• E2:DEFINITIt~a-1 POINT NUMBER ~ PIP
a- E3 TIME VFLLE a-

ISPEC SS I rEFL. • PEFIIOD (FIECIPmc~L OF FFIEUUENCT) F~a- RESPONSE SPECTRIJI ANALYSIS a-

• WHERE a-
a- a- E1~DEFINITI(~ POINT NUMBER •LE.NPTS a-

• E2:PE!9ICU a-
11 55 1 FEFta- a- SHELL DATA a - IVa - 8a - 1 6

.——T~~(EL):E2 a-
a- WHERE a-
a- E 1~ELEflENT WHBER (INTEGER) a-
a- a- LEa- NSOL2 1 a- - 

-

a- E2:STRE~ 3 FFEE REFERENCE TEPIEAPTLFLE a-
)CTZT 33 LI FfFL a- NODAL POINT DATA .111.1

.——XYZT(E1 ) :E2,E3,ELI,E5 a- —
— a- WHERE a-

a- E1 NOOAL FIMNT NUMBER a- LEa- NLtIPF a- a-
a- E2~X (OR R)a-.OADINATE a- a-

• ES:T —~~0INRTE a-
• ELI:Z (OR THETA)-ORD]NATE
a- E5~NODRL TEP-?EFIATUFIE a-

WTI!Ei4 55 1 FEFL a- SHELL MR~ERIRL FFUFERTY .11.8.6
a- — 44TDEN (E1) E2 a-
• MHEME

E1=MRTERIFL ID NUMBER a- LEa- NLIIPI~T a-
a- E2~NEIlfl H DEN SITY OF THE MAT~~lIAL USED
a- TO C~~1F1JTE STATIC GRAVIT Y LI~R(~
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APPENDIX B

TIME HISTORY PLOT

The time history plot package is now an integral part of the SAP IV
program. Response history analyses of displacements and stresses are
produced for three eleme nt types - beams , th in plates , and thick shell

• (21 nodes)a- Analyses of other element types can be obtained but only a
generalized labeling is available.

The plot package has been added to the SAP IV program wi th minimal
modi fications to SAP IV.

The input requirement for t ime history plot output is identi cal to —

the one for the response h istory anal ysis outpu t request as gi ven in the
SAP IV manual , and no other input is required . However, the sequence
of output for the time history plot is different from the arrangement of
output for response history analysis output as indi cated in the SAP IV
manual. A maximum of three curves will be plotted within one frame for
each node or element member.

4!
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APPENDIX C

MESH PROGRAM

PURPOSE

Program MESH produces un deflected mesh p lo ts from data on TAPE 8 written
by the SAP IV program. Using di fferent input instructions , the enti re
element model , one part of the model , or a combina tion of di fferen t parts
of the model may be p lo tted on one frame . Options of l abel in g all or selected
nodes and/or elements are available. A unique line pattern represents each
type of element--that is , a sol id li ne for a beam eleme nt, a series of long
dashed lines for a thin plate element and a series of short dashed lines for
a thick shell element.

INPUT INSTRUCTIONS

Card one is required for the successful generation of one or more plots.
Two addi tional cards are required for each plot to be generated.

Card One:

Col a- 1— 10 Vertical length of a plot in inches. Eight inches
is used, allowing 1 inch for the legend at the
bottom and a 7-inch square for the graphics . The
pos iti on in g and sizing of all charac ter sythols
are fixed.

— Col a- 11-20 Scale factor. Th i s al lows the user to reduce or
expand frame size with all proportions of the enti re
layou t kept intact. It is defau lted to 1 i f set
blank  a-

Card Two:

This represents the fi rst input card of each plot to be generated
and is in free format. Keyword parameters available in the list bel ow
must be used.

X x-coordinate in cartesian system of viewer position

V y-coordinate in cartesian system of viewer position

Z z-coordinate In cartesian system of viewer posi tion

A All element ment ers

B Beam element members
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P Plate element members

S Shell element members

AN All element members with nodes labeled

a- 
BN Beam element members with nodes labeled

PN Plate element members with nodes labeled

BN Shell element members with nodes la beled

AE All element members wi th element labeled

BE Beam element member with element labeled

DE Plate element members wi th element labeled

SE Shell element members wi th element labeled

ANE All element members with nodes and elements labeled —

BNE Beam element members with nodes and element labeled

SNE Shell element member wi th nodes and element labeled

The order and position of the keyword parameter is immaterial and is
column independent on card. Each keyword parameter must be followed by

— a pair  of parentheses , even though an entry is not required. Keyword
parameter X, Y, and Z requ i re the entry, if any, to be in floating
point format——that is, it must have a decimal point. Entries for
other parameters are to be in fixed point format or integer. Except for
parameters X, Y, and Z , mul tiple entr ies are allow ed an d mus t be separa ted
by a coma wi th no blank imbedded . The user can generate entries auto-
maticall y between two gi ven entries tha t are separated by one blan k
character. San~les are given below .

a-- Card Three :

This represents the second input card of each plot and is used for
repositi oning of the plot pen for next plot or at the end of the plotting
series.

Col a- 1—10 +X - di rection i n inches
Col a- 11—20 +Y - direction in inches
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Sample 1

Graph size (vertical length) is 8 inches . Three plots are to be
generated with the following input data. The first plot has all elements
plotted with the viewer position at (1, 0,0) in Cartesian space a- The
second plot uses a viewer position of (1, 1 , 1) with all elements plotted
and beam elements No. 1 , 3, and 5 through 10 with nodes l abeled . The
thi rd plot has the same v iewer pos iti on as the second pl ot. In the thi rd
plot , beam elements 1 through 10 have nodes labeled, beam elements 8 through
15 have elements labeled , beam elements 16 through 20 have both nodes and
el ements l abeled , and shell elements 1 through 10 have nodes labeleda-

Card 1 88.11

Card 2 X ( l a - )  A( )
Card 3 710.11 180.21

Card 4 X ( l a - )  Y ( l a - )  Z ( l . )  A( ) BN ( 1,3,5~10)

Card 5 i0.~,_i _i~~~
a-2 _ i

Card 6 X(l.) Y(l.) Z(1.) BN (lVlO) BE(8$15) BNE(16V20) SN(l~ lO)

Card 7 ~,1Oa -~~_i 18 0.21

Card 8 7-8-9

Sample 2

Graph size (ver tical leng th ) is aga i n 8 inc hes , bu t expan ded by a
factor of 2. A plot has all elements generated with nodes and elements
labeled. Viewer positi on is (1, 1 , 1) in Cartesian space.

Card 1 88 a - 1 1  18 2.21

Card 2 X(l.) Y(l.) Z(1.) ANE( )
Card 3 ~lO.~ _i

Card 4 7-8-9

~

- -- - - -- - — -~~ - -



~ 
- -
~~~~~

-—-- -- 
~~TTT~~~ ~~~~~ a - a -~ - - s ____________

~~-~ a - a - a - ---- , - 
-

APPENDIX 0

CONTROL CARD SAMPLES

CREATE UPDATE FILE FOR FREE FORMAT INPUT PROGRAM ,
SAP IV WITH TIME HISTORY PLOT PACKAGE , OR MESH
PROGRAM , AND SAVE ON PERMANENT FILE.

JOB CARD wi th accoun t number
REQUEST (NEWPL ,*PF)
UPDATE (F ,N )
CATALOG ( NEWPL , FFIPNEWPL , 10=)

(OR CATALOG , NEWPL , SAP4THNEWPL , 10= a - )

(OR CATALOG, NEWPL , MESHNEWPL ,ID= a - )

7-8-9
*DECK FFIP

(OR *DECK SAP4TH )
(OR *DECK MESH)

- FORTRAN SOURCE PROGRAM
6-7-8-9

COMPILE , CREATE BINARY OBJECT , AND SAVE ON
- 

- PERMANENT FILE.

JOB CARD with account number
ATTACH (OLDPL , FFIPNEWPL ,ID=

(OR ATTACH , OLDPL , SAP4TH NEWPL ,ID= a - )

(OR ATTACH , OLDPL , MESHNEWPL ,ID= a - )

UPDATE ( F)
REQUEST (LGO ,*PF)
FTN ,A,I=COMPILE.
CATALOG ,LGO,FFIPLGO ,ID =

(OR CATALOG, LGO , SAP4THLGO , 10= a - )

7-8-9
UPDATE DIRE CTIVE
6-7-8-9

EXECUTE FREE FORMAT INPUT PROGRAM, SAP IV WITH DAT A
MODEX=l , AND MESH PROGRAM.

JOB CARD WITH ACCOUNT NUMBER
ATTACH FFIP ,FF IPLGO ,ID=
LDSET,PRESET=ZERO
FFIP.

• RETURN ,FFIP.
REWIND (TAPE1)

a- 
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ATTACH , PLOT , PLOTLIBRARY , ID=CA.
ATTACH ,SAP4 , SAP4TI-ILGO,ID
LDSET , PRESET=ZERO , LIB=PLOT
SAP4(TAPE )
RET IJ RN ,TAPE1 ,SAP4
REW IND(TAPE8)
ATTACH ,MESH ,MESHLGO , ID=
LDSET ,PRESET=ZERO , L IB=PLOT
MESH.
RETURN ,MESH ,TAPE8a-
REW I N D ,TAPE1 a-
ATTACH ,CON VLGO ,I0= CA.
CON VLGO a-

ROUTE ,TAPE2 ,DC=PR ,FC=PL ,EL=A6 ,IC=ASC IIa-
7-8-9

FFIP INPUT DAT A
7-8-9

MESH INPUT DATA
6-7—8-9

I

a- a-4 - 
a- p

I— V
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